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ABSTRACT

The United States Environmental Protection Agency’s (USEPA) 2017 report, “Draft Report: Proposed
Approaches to Inform the Derivation of a Maximum Contaminant Level Goal for Perchlorate in Drinking
Water”, proposes novel approaches for deriving a Maximum Contaminant Level Goal (MCLG) for
perchlorate using a biologically-based dose-response (BBDR) model. The USEPA (2017) BBDR model
extends previously peer-reviewed perchlorate models to describe the relationship between perchiorate
exposure and thyroid hormone levels during early pregnancy. Our evaluation focuses on two key
elements of the USEPA (2017) report: the plausibility of BBDR model revisions to describe control of
thyroid hormone production in early pregnancy and the basis for linking BBDR model resuits to
neurodevelopmental outcomes.. While the USEPA (2017) BBDR model represents a valuable research
tool, the lack of supporting data for many of the model assumptions and parameters calls into
question the fitness of the extended BBDR model to support quantitative analyses for regulatory
decisions on perchlorate in drinking water. Until more data can.be developed to address uncertainties
in the current BBDR model, USEPA should continue to rely on the RfD recommended by the NAS

(USEPA 2005) when considering further regulatory:action.

Keywords: perchlorate, risk assessment, MCLG, BBDR model
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INTRODUCTION

From a regulatory perspective, the critical effect of concern from exposure to perchlorate is disruption
of thyroid function and the potential for thyroid-hormone-related effects on neurodevelopment in
gestation; these effects represent downstream events resuiting from competitive inhibition-of iodide
uptake by the perchiorate ion (USEPA 2002). Based on an analysis of the mode of action for
perchlorate, the United States Environmental Protection Agency (USEPA) (2002) determined that
inhibition of thyroid iodide uptake could be used as an obligatory precursor for these critical effects in
a harmonized cancer/noncancer risk assessment for perchiorate (Figure 1). :This mode-of-action
directed risk assessment approach was used in the derivation of the current Reference Dose (RfD) for
perchlorate of 0.0007 mg/kg/day (USEPA 2005). Following the recommendations of the National
Academy of Sciences National Research Council (NRC) (2005), the point of departure (POD) for this
RfD was a reported No Observed Effect Level (NOEL): a non-statistically significant mean of 1.8%
(standard error of the mean 8.3%) decline in radioactive iodine-uptake (RAIU) in healthy adults
following two weeks exposure to a daily perchlorate dose of 0.007 mg/kg/day (Greer et al. 2002). An
intraspecies uncertainty factor of 10 was applied to:protect the most sensitive population, the fetuses

of pregnant women who might have hypothyroidism or iodide deficiency.

Subsequently, the USEPA Office of Drinking:Water (2008) published an Interim Health Advisory Level
for perchiorate of 15 uyg/L, based on the USEPA (2005) RfD of 0.7 pg/kg/day, as recommended by the
NRC (2005). Determination of this Interim Health Advisory Level considered Physiologically-Based
Pharmacokinetic (PBPK) Modeling. (Clewell et al. 2007) to estimate the potential effect of perchlorate
on iodide uptake in several sensitive subgroups, including the pregnant woman and fetus, the
lactating woman and neonate, and the young child. Despite widespread scientific acceptance of iodide
inhibition as an obligatory precursor to downstream toxicity endpoints, there was remaining concern
regarding the level of protection for the population perceived to have the greatest susceptibility - the

fetuses of hypothyroid mothers.

Over the next several years, the focus of research on perchiorate shifted to the development of a
biologically based dose-response (BBDR) model of the hypothalamic-pituitary-thyroid (HPT) axis that

could be linked with the PBPK model of perchlorate and iodide to predict dose-dependent interactions
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of perchlorate with iodine hormone homeostasis as a function of iodide intake in an effort to more

quantitatively account for the effects of low dietary iodide intake and hypothyroidism in pregnant
women on fetal development (McLanahan et al. 2008, 2009; Fisher et al. 2012; Lumen and George

2017a, 2017b; Lumen et al. 2013, 2015).

The USEPA Science Advisory Board (SAB) (2013) report on perchlorate in drinking water supported
the utility of BBDR modeling to help characterize the potential for neurological effects from perchlorate

exposure:

“As perchlorate research continues, studies in animals may provide important insights into the
neurobehavioral consequences of perchlorate exposure. A physiologically-based
pharmacokinetic/pharmacodynamic framework is well suited to help place these findings in the

context of human perchlorate exposure.”

The USEPA SAB (2013) identified a number of areas for improvement or modification of the existing
models. However, they also noted that "Models can always be:improved, but the goal is to have a
model that is fit for the intended purpose.”, apparently. cautioning against perpetual model refinement
at the expense of implementation, echoing the concern of the renowned statistician, George E.P. Box,

who famously used to say: "All models are wrong but some are useful” (Box 1976).

Recently, the USEPA’s Office of Ground-Water-and Drinking Water (USEPA 2017) responded to the
Science Advisory Board recommendations and proposed novel approaches to inform the derivation of
a Maximum Contaminant Level Goal (MCLG) for perchlorate, including the use of BBDR modeling in
their report entitied “Draft Report: Proposed Approaches to Inform the Derivation of a Maximum
Contaminant Level Goal.for Perchlorate in Drinking Water”. This MCLG approach (USEPA 2017)
includes revisions to_a previously developed and peer reviewed BBDR model (McLanahan et al. 2008,
2009; Fisher et al.. 2012; Lumen and George 2017a, 2017b; Lumen et al. 2013, 2015) that was
extended to predict:the relationship between perchlorate exposure and thyroid hormone levels in
sensitive life stages. These revisions aim to address suggestions by the USEPA SAB (2013), including

the following:

« Derivation of a perchlorate MCLG that addresses sensitive life stages through PBPK/PD

modeling;

ED_005043_00027490-00005



83 o Expansion of the modeling approach to account for thyroid hormone perturbations and

84 potential adverse neurodevelopmental outcomes from perchlorate exposure;

85 o Utilization of a mode of action framework for developing the MCLG that links the steps in the
86 proposed mechanism leading from perchlorate exposure through iodide uptake inhibition to
87 thyroid hormone changes and finally neurodevelopmental impacts; and

88 « Extension of “the [BBDR] model expeditiously to...provide a key tool for linking. early events
89 with subsequent events as reported in the scientific and clinical literature on iodide deficiency,
90 changes in thyroid hormone levels, and their relationship to neurodevelopmental outcomes
91 during sensitive early life stages” (USEPA SAB 2013, p. 19).

92 Model revisions presented in the USEPA (2017) report include: incorporating a description of the

93 physiology of early pregnancy, biological feedback control of hormone production via thyroid-

94 stimulating hormone (TSH) and human chorionic gonadotropin (hCG), and a description of the

95 response to iower levels of iodide nutrition. In addition, an attémpt was made to calibrate the model’s
96 behavior for upper and fower percentiles of the population, in addition to the population median, for
97 thyroid hormone production. The report also included:an uncertainty analysis for key BBDR model

98 parameters.

99 For the development of the MCLG, USEPA (2017 ) 'proposed a two-stage approach linking the revised
100 BBDR model results ("Stage 1”) with-quantitative information on neurodevelopmental outcomes from
101 epidemiological studies (“Stage 2”). Stage 1 describes the thyroidal hormone levels in women of
102 childbearing age with low to adequate iodide intake. In this stage, the revised BBDR model is applied
103 to predict the relationship between perchlorate exposure and changes in thyroid hormone levels in
104 early pregnancy. Data for Stage 2 of the approach is provided from epidemiological studies evaluating
105 maternal thyroid hormone levels in early pregnancy and the relationship between changes in these
106 levels and the pbservation of neurodevelopmental outcomes. The USEPA (2017) report also described
107 development of a novel population-based approach that uses the revised BBDR model to estimate
108 changes in levels of selected thyroid hormones, specifically free tetraiodothyronine (fT4) and TSH,
109 resulting from perchlorate exposure that may result in an increase in the prevalence of

110 hypothyroxinemia in pregnant women. Hypothyroxinemia (low circulating concentrations of fT4) is

ED_005043_00027490-00006



111 often associated with hypothyroidism (low concentrations of fT4 despite increased concentrations of

112 TSH).

113 The evaluation and (potential) application of the perchiorate BBDR model will serve as an important
114 precedent for future consideration of such models by the agency, as it is only the second such model
115 to be seriously evaluated by USEPA and subjected to external peer-review. The first BBDR model to
116 be considered, formaldehyde nasal carcinogenicity developed by Conolly and colleagues (2003, 2004),
117 has been under consideration by the agency for more than a decade. Interest.in the use of BBDR
118 modeling in risk assessment peaked in the 1990s when the draft USEPA (2003) Cancer Guidelines
119 identified these models as the preferred option for performing a cancer dose-response. However,
120 since that time, work in this area has waned, possibly due to the perceived difficulty of gaining

121 regulatory acceptance. By their nature, BBDR models are descriptions of compiex biological systems
122 that necessarily include significant uncertainty. The challenge going forward will be to develop

123 approaches for characterizing that uncertainty in a risk assessment context and ensuring that these
124 complex models are fit for their intended purpose. It'is with this consideration in mind that we have

125 performed a focused evaluation of the proposed USEPA.(2017) approaches.

126 Our critical review focused on two key areas of importance for determining whether the current BBDR
127 model is fit for the purpose of supporting regulatory decisions based on predicted effect of perchlorate

128 exposure on human fetal development:

129 1. Evaluation of USEPA (2017) model revisions to the peer reviewed BBDR models, including
130 extending the model to early pregnancy, incorporating biological feedback control of hormone
131 production via thyroid stimulating hormone (TSH) and human chorionic gonadotropin (hCG)
132 signaling, calibration of the model for thyroid hormone effects, and uncertainty analysis for
133 key parameters. - This evaluation included comparison of model output to results from key
134 human:studies identified in previous assessments (Greer et al. 2002, Braverman et al. 2006,
135 Téllez et al. (2005a, 2005b), as well as in the USEPA (2017) document (Steinmaus et al.
136 2016);

137 2. Evaluation of USEPA (2017) approaches for linking BBDR results to neurodevelopmental

138 outcomes and identification of published literature to develop the quantitative relationship
139 between thyroid hormone levels and neurodevelopmental outcomes; and
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140 After describing the results of this evaluation, we present a comparison of the results from the

141 USEPA (2017) approach with results from previous USEPA assessments, in order to put the
142 uncertainties in the BBDR approach in perspective against the potential impact of the new
143 approach on the existing regulatory guidelines for perchlorate USEPA (2005, 2008).

144  METHODS

145 Evaluating Stage 1 of USEPA MCLG approach: Stage 1 of USEPA’s MCLG approach relies upon the

146 application of the BBDR model to predict the effect of perchiorate on the thyroid hormone in pregnant
147 women at different iodine nutrition levels, with the goal of predicting fT4 hormone reduction in

148 pregnant women with low dietary iodide. To evaluate the utility of the'proposed model to support

149 such predictions, we independently ran the model and tested model:predictions against data from

150 multiple studies. These exercises attempted to both duplicate BBDR model results for datasets that
151 were used by USEPA (2017) to calibrate the model and to test the ability of the BBDR model to predict
152 the well-described precursor event inhibition of iodide uptake;:which was successfully described with
153 previous versions of the perchiorate PBPK models (Merrill.et'al. 2003; Clewell et al. 2007). These

154 simulations included:

155 « Steinmaus et al. 2016 - cross-sectional epidemiological study evaluation of serum and urine in
156 pregnant women in California: used:in USEPA (2017) to evaluate BBDR model predictions of
157 perchlorate effects on fT4 and TSH

158 « Greer et al. 2002 - 14-day:controlled perchlorate dose study in male and female aduits in the
159 US: used in USEPA (2017) to estimate urinary clearance parameters in BBDR model

160 « Braverman et al. 2006 - 6-month controlled perchlorate dose study in male and female adults:
16l not used in USEPA (2017)

162 o Téllez Téllez et al. 2005a, 2005b - longitudinal epidemiological study in pregnant and lactating
163 women in:Chile: used in USEPA (2017) to estimate urinary clearance parameters in BBDR

164 model

165 In our efforts to produce these simulations, it was noted that instructions provided in the USEPA
166 documentation for running the model for different scenarios, and documentation of the rationale for
167 the model parameter values associated with them, are often inadequate and lack transparency; this

168 deficiency is exacerbated by the number of permutations of parameter settings used in the scripts that
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169 generate the results in the document. The complexity of the BBDR model makes it difficult to perform

170 this evaluation, even though it has been conducted by experienced modelers.

171 Evaluating Stage 2 of USEPA MCLG approach: Stage 2 of USEPA’s approach involved evaluating the

172 published epidemiological literature to identify publications that would define quantitative ‘relationships
173 between thyroid hormone levels and neurodevelopmental effects. The USEPA approach was focused
174 on the identification of studies that provided information on levels of fT4 in pregnant. mothers during
175 early gestation and the potential for changes in neurodevelopmental outcomes.in their offspring.

176 Through targeted literature searching and recommendations from the Science Advisory Board (SAB), a
177 total of 55 studies were identified by USEPA to provide information on altered:-maternal thyroid

178 hormone levels and offspring development. These studies were divided into three groups to facilitate

179 evaluation:

180 « Group 1 - studies that may be able to quantitatively describe a relationship between

181 incremental alterations in maternal thyroid hormone levels and alternations in offspring

182 development;

183 o Group 2 - studies that do not have data from-which to derive a quantitative relationship
184 between maternal hormones and offspring neurodevelopment, but instead present only a
185 categorical analysis with thyroid hormones below and above a defined cut point and adverse
186 neurodevelopmental outcomes; and

187 « Group 3 - studies that present an analysis that is not directly compatible with BBDR output.

188 Of the 55 studies, 15 were identified-as Group 1, 14 were identified as Group 2, 26 were identified as
189 Group 3. The 15 Group.1-studies were then evaluated further and only 5 were deemed useful by the
190 USEPA for further quantitative analysis to attempt to connect alterations in thyroid hormone levels to
191 alterations in neurodevelopment. in our evaluation, we performed a critical review of the USEPA

192 Stage 2 approach and the study summaries provided in USEPA (2017), considering the most recent
193 recommendations from the National Research Council (NRC 2014) on systematic review of the

194 literature and evidence integration.

ED_005043_00027490-00009



195 RESULTS

196 Evaluation of the Perchiorate BBDR Model for Early Pregnancy

197 The draft MCLG approach (USEPA 2017) is based on a hypothesized mode of action (Figure 1) for
198 neurodevelopmental outcomes resulting from development of hypothyroxinemia from perchlorate-

199 induced inhibition of iodide uptake in the thyroid. As noted in USEPA (2017):

200 "Thyroid hormones are essential for the development and differentiation of the developing
201 brain. The brain and spinal cord begin development in the first half of the first trimester. fT4
202 passes through the blood-brain barrier via multiple, specific transporter proteins. Next, T4 is
203 converted to T3 by the developing glial celis and then transported to neurons. T3 then

204 interacts with nuclear receptors to tightly regulate gene expression: so that neurogenesis,

205 synaptogenesis, neuronal migration, cell differentiation, and myelination are developmentally
206 appropriate. Deficiencies in thyroid hormones through iodine deficiency, congenital

207 hypothyroidism, or maternal hypothyroidism/hypothyroxinemia can result in neurological

208 impairments and intellectual deficits (Morreale de Escobar, Obregén, & Escobar del Ray

209 2000).”

210 As recommended by the USEPA SAB (2013), the USEPA extended a published BBDR model for

211 perchlorate induced hypothyroxinemia in late gestation (Lumen et al. 2013; Lumen and George

212 2017a, 2017b) to address the sensitive population of concern for exposure to perchlorate: the fetuses
213 of hypothyroxinemic women during early. pregnancy (Figure 2). These concerns were motivated by
214 new studies (Steinmaus et al. 2016), suggesting an association between perchlorate exposure and
215 decreased levels of free thyroxine.(fT4) in pregnant women. Because the fetus is entirely dependent
216 on maternal thyroid hormones for neurodevelopment in early gestation (Clewell et al. 2007;

217 Howdeshell 2002), the endpoint of interest was defined as reduction in maternal fT4 in early

218 pregnancy and the perchlorate BBDR models were extended to describe hormone homeostasis during
219 gestation. Expansion of the original models of perchlorate and iodide (Clewell et al. 2007) to predict
220 the impact of perchlorate exposure on fT4 during early pregnancy, however, is complicated by the
221 significant variability in the levels of fT4 in the general population and the challenges in measuring
222 fT4, as well as the dynamics of changing hormones through the course of gestation and the

223 uncertainty in identifying the level of alteration that may lead to hypothyroidism and fetal effects.

ED_005043_00027490-00010



224

225 According to the "American Thyroid Association Task force on Thyroid Disease During Pregnancy and
226 Postpartum”, isolated hypothyroxinemia is defined as a normal maternal TSH concentration in

227 conjunction with fT4 concentrations in the iower 5th or 10th percentile of the reference range

228 (Stagnaro-Green et al. 2011). USEPA (2017) has also focused on selected percentiles of the reference
225 range; however, reference ranges can vary from population to population accordingto the 2017

230 Guidelines of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease
231 During Pregnancy and Postpartum (Alexander et al. 2017). Even within US populations and across
232 ethnic groups, the 2.5th percentile can vary by up to 2 pmol/L or approximately 20% (9.3-11.4

233 pmol/L as reported by Alexander et al. 2017).

234 The variation in fT4 reported in the published literature during early pregnancy is provided in USEPA
235 (2017), Appendix A, Figure A-33 and reproduced in Figure 3. The levels of fT4 during early

236 pregnancy, based on the studies identified by USEPA (2017), appear to range from approximately 13-
237 17 pmol/L. This range is consistent with the range of baseline fT4 means reported in the Greer et al.
238 (2002) study of approximately 1.1 - 1.3 ng/dL (14 =17 pmol/L). However, the 50th percentile BBDR
239 model predictions at zero dose perchlorate and 170 ug/day iodine intake are approximately 10 pmol/L

240 at gestation weeks 12, 13, and 16, considerably below these reported values.

241

242 Measuring fT4 in the presence of high concentrations of bound T4 is challenging, especially in

243 conditions where binding proteins:are altered such as during pregnancy (Alexander et al. 2017).

244 Measurement techniques are.prone to inaccuracy during pregnancy due to disruption of the original
245 equilibrium. The 95% fT4 reference intervals decrease gradually with advancing gestational age: from
246 1.08- 1.82 ng/dL (approximately 13.9 - 23.5 pmol/L) in week 14 to 0.86-1.53 ng/dL (approximately

247 11.1 - 19.8 pmol/L) in"week 20 (Alexander et al. 2017).

248 Extending the thyroid BBDR model to address early gestation is particularly challenging due to
245 the complex interaction between thyroid homeostasis and gestational development.
250 Considering the addition of TSH feedback dynamics, and an adjustment factor to match

251 specific population percentiles, there is reason for concern regarding the uncertainty of the

10
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252 revised model predictions under low iodide intake conditions. Some of these concerns are

253 highlighted below:

254 Description of hCG dynamics: Human chorionic gonadotropin (hCG) levels rise in early pregnancy
255 and this in turn increases both sodium-iodide symporter (NIS) uptake activity and T4 production.
256 hCG is structurally similar to TSH and, like TSH, increases thyroidal iodide uptake and thyroid
257 hormone synthesis by binding to the thyroid-stimulating hormone receptor (TSHR).(Hoermann et
258 al. 1994). In the model, hCG levels are calculated as a function of gestational age, using an

259 equation for the parameter HCGREG (Figure 4, purple curve), and these:changing levels are used
260 to increase the rate of T3 and T4 production as a function of the hCG concentration:

261 HCGreg = 1 + 0.00354*hCG

262 The variation of hCG over the duration of gestation is based on:direct measurements of hCG in
263 pregnant women (Korevaar et al. 2015). However, the‘concurrent increase in thyroidal iodine
264 uptake is described in the model based on an empirical relationship between gestational age in
265 weeks (GW) and radioactive iodide uptake, using an equation for the parameter VCHNG (Figure 4,
266 green curve):

267 VCHNG(GW) = 1 + 0.076-GW - 0.0025:GW?

268 Thus the model does not correctly. attribute the gestational control of NIS uptake to hCG, when in
269 fact both uptake and hormone synthesis respond to the same changes in hCG (Pesce and Kopp
270 2014). By using different equations for the time-dependence of hCG-stimulated uptake and

271 hormone production (Figure 4) the model decouples processes that are fundamentally linked by
272 their biology. Figure 4 depicts the time-course of the parameters controlling changes in iodide
273 uptake (VCHNG)and'hCG hormone levels (HCGreg) over the course of gestation. While the

274 biology indicates a proportional relationship between the two parameters, the equations used in
275 the model are not parallel. Elucidating the impact of this decoupling is challenging, and is beyond
276 the scope of this review, since it would have to be investigated at a large number of time-points
277 throughout pregnancy and under different conditions of iodine intake, but the disparity between
278 the model description and the underlying biology justifies caution regarding its predictions of T4
279 and TSH at different gestational ages, as these parameters govern hormone production and

11
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280 release. We address the impact of the discrepancy between the time-courses for HCGREG and

281 VCHNG in a later section.

282

283 Damping of TSH response: The USEPA (2017) BBDR model includes a parameter, pTSH (power to
284 which the ratio of current TSH to the TSH set-point is raised), that reduces the response of the
285 thyroid to increases in TSH:

286 TSHreg = (TSH/TSHg)P™="

287 Using this equation, a pTSH exponent of 0 would represent no control of thyroid function by TSH
288 and an exponent of 1 would represent a linear response of thyroid:function to changes in TSH. In
289 their caiculations of the effect of perchiorate on the prevalence of hypothyroxinemic pregnant

290 women, the USEPA (2017) use a pTSH exponent of 0.398, which results in a response to TSH that
291 is substantially less than linear, an assumption that is.inconsistent with the fundamental biological
292 relationship between TSH and thyroid hormones (production and release of T3 and T4), effectively
293 decoupling a relationship that has been well established in the medical, pharmacological and

294 toxicological communities. USEPA (2017) describes the rationale for this parameter: “The

295 NHANES data do not show a clear correlation between TSH and fT4, so within that data set they
296 vary independently. One could assumg, therefore, that individuals with an average fT4 and high
297 TSH have that combination because their thyroid has a weak response to TSH, and vice-versa.”
298 To address this concern, USEPA (2017) estimated a lower and upper bound for pTSH as (median
299 TSH)/(97.5th percentile TSH) ‘= 0.398 and (median TSH)/(2.5th percentile TSH) = 3.09,

300 respectively, with a median-value of pTSH = 1. Thus, this parameter is used to attempt to

301 represent disease states where the individual’s thyroid is either exquisitely sensitive or insensitive
302 to TSH stimulation. <At lower values, this parameter reduces the impact of TSH on the Vmax for
303 thyroid iodide uptake as well as the rate constants for T4 and T3 production in the thyroid.

304 However, the USEPA (2017) also states that: “"The coefficient, pTSH, is included...to allow for

305 tuning of the strength of the TSH feedback, but in practice model simulations versus data appear
306 quite adequate with pTSH=1."” Concerns about this parameter are two-fold. First, the complexity
307 of the model and various runtime scripts makes it nearly impossible to determine the use of this

12
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308 parameter during some of the model assessment and risk assessment simulations presented in

309 USEPA (2017). Second, using point estimate population level data to define the quantitative

310 temporal relationship between two fundamentally linked processes at the individual level is

311 scientifically inappropriate. To understand the biological feedback within a single individual (i.e. to
312 determine the relationship of TSH to T3/T4 and Vmax for a hypothyroid or hyperthyroid

313 individual), matched samples would be needed for TSH, T3 and T4. This information - to our

314 knowledge - is not available from NHANES. Thus, the epidemiological point estimate data are
315 being used well beyond its domain of applicability to predict the quantitative outcome of disease
316 states.

317 Calibration of hormone production rates: The model uses a baseline first-order constant calibrated
318 to NHANES 2007-2012 median, 10th, or 90th percentile non-pregnant data (fT4, fT3, T4 and T3
319 concentrations). The model parameter for the rate of production of T4 (KProdT4F) for the median
320 NHANES calibration used in USEPA (2017) is 6.25%¥10-7:/hr/kg®7”* (their Table A-2), which is 4-fold
321 lower than the value of 2.45 x 10-6 estimated for the published model (Lumen et al. 2013), which
322 was based on the data of Nicoloff et al. (1972). However, the use of a T4 production rate that is
323 lower than the published value is not adequately justified, given the importance of this parameter,
324 which has a direct impact on predictions of fT4 changes, the intended application of the model.
325 This baseline value is then scaled-in pregnancy through GW 16 (peak occurring ~ GW 9) based
326 upon placental hCG increase over this:time, according to the linear relationship from Glinoer

327 (1997): hCGreg = 1 + 0.00354 x hCG.

328 Affinity of NIS Iodine uptake: The model uses a Km for perchlorate binding to the NIS (KmNIS_P)
329 that is 3-fold lower than.the value estimated by Lumen et al. (2013) (i.e. a 3-fold higher affinity).
330 Specifically, the new . Km represents the 2.5th percentile lower confidence limit of the population
331 median based upon the USEPA (2017) reanalysis of Greer et al. (2002). The median value (50th
332 percentile = 0.73 pM) is similar to that obtained from a re-analysis of in vitro binding data, 0.59
333 UM (Schlosser 2016); the use of a value of KmNIS_P = 0.489 uM makes perchiorate 3 times more
334 effective at competitive inhibition of NIS compared to the model of Lumen et al. (2013). This

335 revision to the Km in USEPA (2017) necessitated revisions to the Vmax (VmaxNISF_thy_P) and
336 urinary excretion parameters (CLFUP) (Table 1 of USEPA 2017), further affecting the model’s

13
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337 sensitivity to changes in perchlorate dose, particularly under conditions of low iodide. Thus, The

338 USEPA (2017) BBDR model predicts much greater effects of perchiorate on iodide uptake than any
339 previous version of the model, without justification for re-estimating these parameters rather than
340 using the published values.

341 Assumptions regarding thyroidal iodide storage: Plots of NHANES 2007-2012 data-for non-

342 pregnant women demonstrated little relationship between iodine intake and fT4, even at iodide
343 intake levels below 75 pg/day (Figure A-54 of USEPA 2017; reproduced in.Figure 5a). USEPA

344 (2017) used data on the relationship between thyroidal iodide stores (mg) and iodine intake from
345 Delange (2000), which assumes depletion of fT4 at iodide intake levels below 100 ug/day. Asis
346 clear from Figure 5b, this assumed model behavior at concentrations below 100 pg/day, which
347 drives model predictions at low intakes, is inconsistent with the NHANES data and could result in
348 overprediction of fT4 responses at moderately low intakes:of:-iodide, including the ranges simulated
349 in the USEPA report. This possibility was investigated ‘in-this evaluation and the results are

350 discussed in the next section.

351 Evaluation of BBDR Model Behavior

352 Comparison to the Steinmaus et al. 2016 Results

353 In Appendix B of USEPA (2017), a comparison ofthe predicted changes in both fT4 and TSH from the
354 BBDR model were compared to the results'reported by Steinmaus et al. (2016). The Steinmaus et al.
355 (2016) study was conducted to evaluate the potential for perchlorate exposure to impact thyroid

356 hormone levels in pregnant women (any trimester) in San Diego. They reported an effect of

357 perchlorate on fT4 levels to be similar among women with both low iodine (<100 ug/day) and normail
358 (100-300 ug/day), with a greater effect of perchlorate observed among pregnant women in the high
359 iodine intake group (>300 pg/day). They further noted that this resuit is in contrast to some previous
360 results from NHANES:(Blount et al. 2006) and may be due to the overall iodine sufficiency in the

361 studied population or the fairly long time between urine iodine and serum thyroid hormone sample

362 collection (about 9 weeks).

363 The comparison of the predicted fT4 changes from the BBDR model and the Steinmaus et al. (2016)
364 results associated with changes in perchlorate dose are reported in Figure B-1 of Appendix B of USEPA

365 (2017) and reproduced in Figure 6. This comparison, which we were able to reproduce using the
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366 USEPA (2017) BBDR model, clearly highlights the differences between the model predictions and the
367 published human data. The USEPA (2017) BBDR model simulations with normal iodine intake (170
368 Hg/day) demonstrate no change in fT4, which is consistent with other studies in which no impact on
369 fT4 has been observed at doses up to 7 pg/kg/day perchlorate (Greer et al. 2002; Braverman et al.
370 2006). The USEPA (2017) BBDR model greatly under-predicts the changes in fT4, even‘in the

371 scenario with low dietary iodine intake (75 pg/day), in comparison to the changes reported by

372 Steinmaus et al. (2016). This discrepancy raises concerns about the ability of the USEPA (2017)

373 BBDR model to predict changes in fT4 associated with chronic perchlorate exposure during pregnancy.

374

375 Greer et al. 2002 - 14 day human controlled perchlorate dosing study

376 The Greer et al. (2002) study was conducted to establish the dose-response in humans for perchiorate
377 inhibition of thyroidal iodide uptake and any short-term effects on thyroid hormones following

378 exposure for male and female volunteers to perchlorate in drinking water at doses of 7, 20, 100 or
379 500 ug/kg/day for 14 days. The results of this study have previously been relied upon by the USEPA
380 (2005) to derive a reference dose (RfD) and to determine health reference levels (HRLs). The results
381 of this study indicate a decrease in iodide uptake following exposure to a dose of 20 yg/kg/day, but no
382 effect on hormone levels, including fT4 and TSH, at the highest dose tested. A No Observed Effect
383 Level (NOEL) of 7 ug/kg/day was determined based on these results, and an RfD of 0.7 ug/kg/day
384 was adopted, based on NAS recommendations, with the application of an uncertainty factor of 10 for

385 intraspecies variability or sensitive subpopulations.

386 Consistent with the results of the study, our simulations of the adult exposures reported in Greer et al.
387 (2002) with the BBDR model (Table 1) indicated no significant change in fT4 at doses up to 500

388 Hg/kg/day. However, predicted concentrations of fT4 are lower than those measured by Greer et al.
389 (2002). The model simulation reported in Table 1 was run with an iodine intake of 90 pg/day, as this
390 was the value USEPA (2017) used in the Greer_test.m script provided with the BBDR model code.

391 However, 90 ug/day is not consistent with the 170 pg/day value USEPA (2017) reports as

392 representing a sufficient intake and USEPA’s (2017) documentation does not indicate why a lower

393 value was used for the individuals in the Greer study. Simulation of iodide uptake inhibition (RAIU)

394 appears to over-predict the reduction in uptake compared to measured values, though the qualitative
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increasing trend of inhibition with dose behaves appropriately. This discrepancy may result from the

low iodine intake chosen by USEPA (2017), or a number of other decisions made in the model
revisions, including the reduced Km parameter value. It is unclear why the parameters governing
iodide inhibition were altered from previous models that successfully predicted inhibition of iodide in
human subjects (Clewell et al. 2007; Merrill et al. 2003; Lumen et al. 2013). Given that iodide
inhibition is the obligatory precursor to all downstream effects in the USEPA’s proposed mode of action
for perchiorate, it would be expected that any changes to the model that lead to reduced accuracy in
the prediction of iodide inhibition would be accompanied by substantial support.::However, no such
support is provided in USEPA (2017) for the changes in the key parameters and the resulting effect on

iodide inhibition predictions.

Table 1. Simulation of the Greer et al. (2002) Perchliorate Study
Dose RAIU (%) fT4 (pM)
(Hg/kg/d) Simulated Measured Simulated Measured
0 100 100 10.33 -
7 89 98,2 10.33 -
20 74 83.6 10.32 16.09
100 37 55.3 10.31 15.26
500 11 32.9 10.30 15.44

Braverman et al. 2006 - 6 month human controlled perchiorate dosing study

The Braverman et al. (2006) study was conducted to determine whether prolonged exposure (6
months) of adults to low levels of perchlorate (0.5, 1.0 or 3.0 mg/day) would perturb thyroid function.
The study included a small number of individuals (n=13); however, iodine levels were comparable
with those of the general population. The authors noted the limitations of the small sample size, but
concluded that the resuits suggested that healthy, euthyroid individuals, with normal levels of iodine
intake, can tolerate chronic exposure to perchlorate at doses of up to 3 mg/day (approximately 40

Hg/kg/day) without any effects on thyroid function, including inhibition of iodine uptake.

The Braverman et al. (2006) study was simulated as part of the current evaluation using the BBDR

model and predicted T3 and TSH levels were compared to the reported measurements (Table 2). T4
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was not compared because it was not clear how to convert the T4 index reported in the study to a

concentration and vice versa. As with the Greer et al. (2002) simulation, 90 ug/day was used for
iodine intake. Baseline T3 and TSH are similar to the measured values. But, as was seen with fT4,

the model fails to predict the observed changes in hormone levels in the adult subjects.

Table 2. Simulation of Braverman et al. (2006) perchlorate study.
Dose T3 (nM) TSH (mIU/L)
{ug/kg/d) Simulated Measured Simulated Measured
0 2.63 2.49 1.51 1.20
7 2.63 2.51 1.52 1.60
43 2.62 1.77 1.53 2.60

Téllez Téllez et al. 2005a, 2005b - Chilean epidemiological study'in pregnant women

Téllez Téllez et al. (2005a, 2005b) reports the results of .a.longitudinal epidemiological study among
pregnant women from three cities in Chile exposed to concentrations of perchlorate as high as 114
Hg/L in the public drinking water. The focus of the study was to evaluate maternal thyroid function
during pregnancy, neonatal thyroid function and developmental status at birth, and breast milk iodine
and perchlorate levels during lactation. The National Academy of Sciences (2005) has reviewed this
study in the context of health implications for perchlorate ingestion and concluded this study should be
considered in the evaluation of the'US experience with perchlorate in drinking water. The total iodine
nutrition among this cohort was:also noted to be similar to that of US pregnant women (Téllez Téllez
et al. 2005a); therefore, this study should be a key consideration in evaluating the relationship
between perchiorate exposure, changes in fT4 in pregnant women and developmental status;
however, it was not'considered in Stage 2 of the USEPA (2017) assessment because it pre-dated the

cutoff used by USEPA in-their review (2010).

Results from this.study indicated no effect on thyroid levels in early pregnancy, late pregnancy, or
neonates at birth related to perchlorate in drinking water at concentrations up to 114 ug/L. Given
these findings, this study provides a reasonable dataset for validating the impact of high perchlorate

exposure concentrations in drinking water on potential changes in fT4 or TSH.
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438 We also ran the (USEPA 2017) BBDR model to simulate the Téllez Téllez et al. (2005a, 2005b)

439 drinking water study (Table 3). The BBDR model predictions of fT4 for GW 13-16 are consistent with

440 the negative results of the study, though the predicted concentrations are lower than those observed.
441 This is not a strong validation of the model given the weak trend of changes in hormone levels seen in

442 comparisons to other studies.

Table 3. Simulation of the Téllez Téllez et al. 2005a, 2005b
study of pregnant women exposed to perchiorate via

drinking water.

Dose fT4 (pM)
{(ug/kg/d) Simulated Measured
0.01 9.74 12.5
0.08 9.73 12.2

2 9.69 12.7

443 Summary: Evaluation of Model Behavior

444 Our simulations of the Greer et al. (2002) and Braverman et al. (2006) studies with the BBDR model
445 indicate that thyroid hormone levels are relatively insensitive to inhibition of thyroid iodine uptake by
446 perchlorate exposures as high as 7 ug/kg/day. Moreover, our simulations of the Téllez Téllez et al.
447 (2005a, 2005b) study with the BBDR model do not predict an effect on fT4 from exposures to

448 perchlorate at up to 2 pg/kg/d, consistent with the fact that the exposures were demonstrated to be
449 without effect to pregnant women in the study. However, the USEPA (2017) BBDR modeling analysis
450 (Table 4, taken from USEPA 2017)predicted population-level changes in fT4 deficiency during the first
451 trimester at perchlorate exposures nearly an order of magnitude lower (0.3 ug/kg/d) . This

452 discrepancy suggests that the metric used in the USEPA (2017) approach to assess population-level
453 effects of perchlorate, i.e., a 1% or 5% increase the proportion of thyroxinemic mothers in early

454 pregnancy assuming that all individuals have a low (75 pg/day) iodine intake and an inadequate TSH

455 response (pTSH = 0.398 vs. 1), may be overly conservative.

456
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Table 4. Summary of Results for the Amount of Perchiorate Needed to Increase the Proportion of
Hypothyroxinemic, Low Iodine Individuals by a Defined Percentage (with hypothyroxinemia defined as

fT4< 10" Percentile) (USEPA 2017)

fT4 (pmol/L) at the Perchiorate Dose
Perchlorate Dose
Hypothyroxinemic Corresponding (Hg/kg/day)
(ng/kg/day) Associated
Cut Point (i.e. 10%" Percentile in 75 Associated with a 5
Gestational with a 1 Percent
Percentile of 170 ug/day Iodine Percent Increase in
Week Increase in Proportion
ug/day Iodine Intake Group Proportion
Hypothyroxinemic
Intake Group) (Column 2)? Hypothyroxinemic
(Column 3)?
{(Column 1) (Column 4)?
12 8.80 48.4 0.4 2.2
13 8.78 47.9 0.4 2.2
16 8.63 52.6 0.3 2.1

® Results based on central effect estimates, pTSH in BBDR model set to 0.398
457

458 Evaluation of the effect of model assumptions on predicted PODs

459 In order to assess the potential quantitative impact of some of the uncertainties in the BBDR
460 model, we compared model predictions.of percent change in fT4 and TSH for a range of

461 perchlorate concentrations using two alternative parameterizations: (1) the parameterization
462 used by the USEPA (2017) to generate their Table 3, and (2) replacing the equation for

463 HCGREG with the equation for VCHNG (in order to provide an appropriately coupled response
464 to hCG stimulation of thyroidal:iodine uptake and thyroid hormone production), and also

465 setting pTSH = 1 (the nominal value, as opposed to the lower-bound value of 0.398 used by
466 the USEPA). The simulations (Table 5) were performed with the model calibrated to either the
467 median population:thyroid hormone levels (using the script medset.r) or a low (thyroxinemic)
468 population defined as fT4 < 10 percentile (using the script lowset.r). When predicting the
469 effect of perchlorate exposure on fT4 for the median population there is not a significant

470 difference between the USEPA results and the alternative parameterization; however, the
471 USEPA model parameterization results in more than a factor of 2 greater sensitivity of TSH

472 levels to perchlorate compared to the alternative parameterization. This difference is primarily
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due to the change in pTSH. On the other hand, when predicting the effect of perchlorate

exposure on hypothyroxemic individuals, both fT4 and TSH responses to perchiorate exposure
are significantly lower using the alternative parameterization. Thus, the parameters that were
altered in the recent revision of the model (VCHNG, HCGreg, pTSH, KmNiS_p) increase the
predicted effect on thyroid hormone levels compared to the expected response with the well-
validated precursor event of iodide inhibition. The sensitivity of the prediction to changes in
these parameters, and the disconnect between the prediction of iodide inhibition _and thyroid

hormone levels, calls for better justification — and evaluation - of the given parameter values.

Table 5. Predicted fT4 and TSH Concentrations at Various Doses of Perchlorate for 75 pg/day Iodine Intake

Perchiorate Dose

fT4 (pmol/L)

(% Change from 0 Dose)

TSH (mIU/L)

(% Change from 0 Dose)

(ug/kg/day) VCHNG + | VCHNG + VCHNG + | VCHNG +
USEPA® USEPA®
pTSH! pTSH?! pTSH! pTSH!

Population | Median Median Low Population Median Median Low
0 Absolute 8.6 9.9 7.5 Absolute 2.2 1.5 3.0
1 -0.74 -0.8 -0.31 3.3 1.4 1.9
2 -1.5 -1.6 -0.61 6.6 2.7 3.8
3 Percent -2.1 -2:3 -0.9 Percent 10 4.1 5.7
4 Change -2.8 -2.9 -1.2 Change 14 5.5 5.7
5 -3.4 -3.5 -1.5 17 6.9 7.7
10 6.2 -6.2 -2.8 36 14 19

Y Results using pTSH = 0.398

! Results using HCGREG replaced with VCHNG, and pTSH=1

481

482

483

484

485

486

Review of Literature Linking BEDR Results to Neurodevelopment Qutcomes

ED_005043_00027490-00021

in thyroid hormones following exposure to perchiorate. Specifically, Chapter 5 was developed to
present the process USEPA (2017) used to identify literature to support the draft approach for

derivation of the MCLG for perchlorate. USEPA (2017) states, "Based on the recommendations of

Chapter 5 of USEPA (2017) focuses on the SAB’s recommendation to “Identify literature and conduct

analyses to support the model outputs for the downstream steps” from the BBDR's predicted changes
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487 previous peer review panels, USEPA assumed that changes in thyroid hormone levels would be
488 expected to lead to neurodevelopmental outcomes”, and because of this assumption, a complete
489 systematic review of the body of literature on this topic was not performed. Instead, a “focused

490 review of the published literature” was conducted.

491 The approach is inconsistent with recent recommendations from the National Research Council:(NRC
492 2014) regarding systematic review and evidence integration. These recommendations: are currently
493 being incorporated into the USEPA’s Integrated Risk Information System (IRIS)‘process and USEPA
494 has recently released scoping and problem formulation materials for several new Integrated Risk
495 Information System (IRIS) assessments, including ethylbenzene (USEPA 2014a), and naphthalene
496 (USEPA 2014b). The approach applied in these assessments is intended to follow recommendations
497 provided by the National Research Councif (NRC 2013). While development of MCLGs are not part of
498 the IRIS process, the application of systematic review principles in the identification of studies to
499 define the relationship between fT4 and neurodevelopmental effects, is needed. The application of
500 these principles would not only assist in defining the highest quality studies to address a specific
501 research question, they also provide a way to integrate.all of the available evidence for the specific
502 research questions raised by the SAB. Systematic reviews include the formulation of a specific

503 question to be addressed and developing.a protocol that specifies the methods that will be used to
504 address the question. While a broad research.question can lead to a large systematic review, if the
505 research question is limited, such as in the case of perchlorate, then the systematic review becomes

506 more focused.

507 For the USEPA (2017) draft MCLG approach, a systematic review question could have been easily

508 developed based on the SAB recommendation (i.e. “Identify literature and conduct analyses to support
509 the model outputs for the downstream steps”) and the protocol would simply be focused on the

510 methods for conducting the systematic review to address this very focused systematic review question
511 in a transparent manner. Transparency being defined by USEPA as “sufficient information will be

512 available to understand the scientific rational behind decisions, as well as, reproduce methods used to
513 identify and evaluate data”. However, in the case of the literature identified for consideration in the
514 draft MCLG approach for perchlorate, a well-defined protocol for all steps of the process has not been

515 developed and therefore is inconsistent with the recommendations of the NRC (2013):
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516 YA priori decisions and a predefined protocol are critical during the systematic review

517 process (Berlin and Colditz 1999, Dickersin 2002); the protocol should describe the
518 following steps: the research question, the search strategy and data sources, the

519 study inclusion and exclusion criteria, the data to be abstracted and derived from the
520 original studies (such as sample size, exposure and outcome assessment methods,
521 and confounders evaluated), the criteria and methods for pooling effect estimates and
522 measures of variability among studies. Systematic reviews and meta-analyses: need
523 to be replicable; other investigators following the same steps should be able to identify
524 the same articles, abstract the same data, and reach similar conclusions.”

525 At each step of the process for identifying studies for use in the development of the MCLG

526 approach for perchlorate, a detailed set of criteria is needed. For example, if decisions are
527 made to include or exclude any studies, there should be very detailed criteria indicating why
528 studies were included or excluded and it should be specified prior to the initiation of the

529 literature searching process. The criteria for each step should be described in such a way that
530 an independent reviewer could use it to replicate the:results of the literature search and

531 review; however, there are several areas in the USEPA (2017) draft MCLG approach for

532 perchlorate where this level of detail is lacking;. making it difficult for an independent reviewer

533 to replicate the results.

534 Systematic Review Research Questions

535 An overall hypothesis or systematic review research question should be developed that is based on the
536 SAB recommendation to clarify. the focus of the review and the linkage between altered maternal fT4
537 (as predicted by the BBDR model) and the potential for adverse neurodevelopmental effects in

538 offspring. Some additional explanation as to how USEPA arrived at the specific neurodevelopmental

539 outcomes of concern should be provided.

540 Searching the Published Literature

541 While the literature search key words are presented in the USEPA (2017) report, there is a lack of
542 explanation as to the reasoning behind the focus on the outcome of concern. The research question

543 should be used to develop the literature search. The major points used or considered in developing
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544 the literature search strategy should be presented. In addition, there should be a detailed explanation
545 of the criteria used to screen the literature search results. Furthermore, USEPA (2017) does not

546 report the details of the literature search results. For each search string reported in Table 9 of the
547 USEPA (2017) report, a total number of citations identified should be reported. In addition, the

548 criteria used to screen the original search results should be clearly reported in the document:

549 Essentially, each step of the literature search and review should be reported in such‘a way that any
550 independent party could easily reproduce the results reported in Chapter 5 of USEPA (2017). The lack
551 of this type of information does not allow the reader to determine if any key studies may have been

552 removed from consideration.

553 Literature Screening Approach and Selection of Key Studies

554 USEPA (2017) states that a 3 step approach was used to identify studies for consideration in the

555 development of the approach for derivation of the MCLG for:perchlorate. The approaches utilized by
556 USEPA (2017) to identify the epidemiological studies for this.evaluation were strictly focused on the
557 appropriateness of the quantitative data for consideration in.combination with the output of the BBDR
558 model. Group 2 (studies with categorical analyses only) and Group 3 (studies with analyses not

559 directly compatible with BBDR output) studies were apparently eliminated from consideration in the
560 assessment. While not directly compatible with:-BBDR modeling output, it is possible that these

561 studies may provide information importantiin-understanding the potential relationship between

562 changes in thyroid hormones and the potential for neurodevelopmental effects, as well as potential

563 key confounders.

564 While 15 studies were identified in Group 1, only 5 of these were determined by USEPA to include

565 analyses that could be used to connect the results of the BBDR model to incremental changes in

566 adverse neurodevelopmental effects. A clearly defined set of inclusion and exclusion criteria should be
567 provided to clearly. convey to the reader why the other 40 studies in Groups 1, 2, and 3 were not

568 considered. In addition, studies that provide no evidence of an inverse relationship between

569 perchlorate exposure and serum thyroid function (e.g. Ghassabian et al. 2014; Modesto et al. 2015;
570 Moleti et al. 2016; Noten et al. 2015) should also be considered to not only understand why these

571 results are in contrast to the potential research question, but also that the overall weight of evidence

572 can be determined. It is possible that the majority of studies provide evidence that critical factors that
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573 are not reported in some of the available studies may explain the reported changes in serum thyroid

574 function.

575 Assessment of Study Quality and Risk of Bias

576 According to recent recommendations from the National Research Council (NRC 2014), the National
577 Toxicology Program’s (NTP) Office of Health Assessment and Translation (OHAT) method for the

578 assessment of study quality and risk of bias of the literature (NTP 2015) is one method that should be
579 considered for qualitative and quantitative assessments. “An assessment of study quality evaluates
580 the extent to which the researchers conducted their research to the highest possible standards and
581 how a study is reported. Risk of bias is related to the internal validity of a study and reflects study-
582 design characteristics that can introduce a systematic error (or deviation from the true effect) that
583 might affect the magnitude and even the direction of the apparent.effect” (NRC 2014). Each study
584 meeting inclusion criteria in Group 1, 2, and 3, should be evaluated: against a predetermined set of
585 study quality and risk of bias criteria and the results of this:evaluation should be presented in the

586 perchlorate MCLG approach report.

587 Uncertainties Critical to Characterizing Changes in Thyroid Hormone Levels in Pregnant Women

588 Associated with Neurodevelopmental Changes.in Offspring

589 The draft MCLG approach presented in-USEPA (2017) to predict doses of perchlorate that would result
590 in per unit changes in neurodevelopmental measures, is, as noted by USEPA (2017), “...dependent
591 upon predictions from the BBDR model, the derivation of the distribution of fT4, and the evaluations of
592 the relationship between fT4 and neurodevelopment. Each of these steps has inherent uncertainties

593 associated with it.”

594 A major source of uncertainty is related to the five studies in Group 1 with data that could be used to
595 quantitatively describe the relationship between thyroid hormone levels in early pregnancy and

596 changes in neurodevelopment (Pop et al. 1999, 2003; Finken et al. 2013; Korevaar et al. 2016;

597 Vermiglio et al. 2004). None of these five studies relied upon data from US populations or have been
598 demonstrated to have iodine intake similar to US populations. Yet according to the American Thyroid
599 Association (Alexander et al. 2017), the reference range of both TSH and fT4 in pregnant women

600 varies depending upon ethnicity. While two studies in Group 1 focused on population groups within
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601 the United States, neither were considered for the model because T4 and not fT4 was measured in the
602 pregnant females (Oken et al. 2009) and the relationship between fT4 and neurodevelopment was
603 evaluated in late pregnancy and did not reach statistical significance (Chevrier et al. 2011). USEPA
604 (2017) (Section 6.5.1) states “there is no reason to believe that the impact of fT4 on

605 neurodevelopment would differ by country, unless there is a substantial difference in iodine intake”.
606 While USEPA (2017) does make an effort to evaluate changes in iodine intake in women from various
607 populations, including the US, there are not substantial data reported in the peer-reviewed literature
608 to validate the conclusions that the impact of fT4 on neurodevelopment would differ by population or
609 uncertainty in iodine intake levels would have an impact on the derivation of the MCLG. This is

610 inconsistent with data from the American Thyroid Association (Alexander et al. 2017) that suggest
611 variability in the distribution of thyroid hormone levels across populations'and even within ethnicities

612 within a single population.

613 USEPA (2017) also notes that all five studies used for quantitative analysis relied on a one-time fT4
614 level during pregnancy (Section 6.5.5). The influence of changes in maternal fT4 on fetal brain

615 development is likely greatest during early pregnancy:: The variability in maternal fT4 levels during
616 pregnancy and the fack of measurement of fT4 at time points throughout pregnancy in the studies
617 provides a substantial data gap and lack of information needed to validate some of the assumptions
618 relied upon in the development of the.BBDR current model as well as the resulting predictions of the

619 model. As stated in USEPA (2017),

620 “"Circulating T3 and T4.levels in an individual are maintained within a narrow range by
621 a negative feedback loop with TSH from the pituitary and TRH from the hypothalamus
622 that operates around a "set-point.” This set-point is different from individual to

623 individual, which generates a population variance in blood levels of thyroid hormone
624 that is considerably broader than the individual variance (Andersen, Pedersen, Bruun,
625 & Laurberg 2002). Therefore, in euthyroid individuals, serum T4 and T3 fluctuate

626 within a fairly narrow range (about 10% of the population variance), maintained by
627 the negative feedback relationship with serum TSH from the pituitary gland. This

628 normal variation creates a situation where single measures of free or total T4 and TSH
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629 are a somewhat imprecise measure of an individual’s average T4 and TSH

630 concentrations (Andersen et al. 2002).”

631 Several other areas of uncertainty are also highlighted by USEPA (2017). Specifically, USEPA
632 (2017) noted that none of the five studies carried forward provided iodine intake levels

633 (Section 6.5.3), which adds significant uncertainty to the estimates. Three of the 5 studies
634 (Pop et al. 1999, 2003; Vermiglio et al. 2004) also have populations of less than 30

635 decreasing the statistical power of the studies (section 6.5.4) relied upon for establishing the
636 relationship between changes in fT4 and neurodevelopmental changes. USEPA (2017) also
637 noted uncertainties in regard to the analytical methods used to evaluate fT4 levels and while
638 approaches are being introduced to standardize analytical methods, results at different time
639 points and from different countries may vary considerably due to differences in analytical

640 procedures (USEPA 2017). USEPA (2017) also notes that “there'is uncertainty regarding the
641 true fT4 levels at various percentiles in the distribution around the median output from the
642 BBDR model. This is exemplified by the fact that in this analysis larger unit changes are being
643 seen with increasing percentiles of fT4 in most analyses.” Finally, other confounders such as
644 iron deficiency were not considered in the analysis. Iron deficiency in pregnant mothers,

645 which is noted in approximately 18% of pregnant women in the US (Cantor et al. 2015), may
646 also be associated with hypothyroxinemia:(Yu.et al. 2015) and failing to directly account for a
647 relationship between iron deficiency and.hypothyroxinemia may introduce an uncertainty into

648 this analysis.

649 While all these uncertainties are noted by USEPA (2017), there is no attempt to adjust the
650 draft MCLG approach in any way to account for these uncertainties. Many of these, especially
651 confounders such as iron deficiency in the study population and a lack of information on iodide
652 intake, can have a significant effect in characterizing changes in thyroid hormone levels

653 associated with changes in neurodevelopmental outcomes. In the absence of adequately

654 accounting for these uncertainties, it is difficult to have confidence that BBDR model

655 predictions of small changes in a specific thyroid hormone (e.g. fT4) may accurately predict

656 the potential for neurodevelopmental effects.
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657 The inadequacy of the USEPA (2017) literature review is substantiated by the comments of the
658 External Peer Review for USEPA’s Proposed Approaches to Inform the Derivation of a
659 Maximum Contaminant Level Goal for Perchlorate in Drinking Water (Versar 2018).

660 Comments regarding the USEPA (2017) literature search included:

661 o "The literature search produced ten studies (that assessed maternal serum FT4

662 concentrations as a continuous measure which did not observe an adverse effect on
663 offspring neurocognition), as well as those in Group 2 that assessed serum FT4:as

664 categorical measures. Although their inclusion may not necessarily be recommended
665 in the final model, comparison of the estimated effects on the various neurocognitive
666 outcomes with and without these may indeed inform the degree of uncertainty

667 inherent in the present model. Several of the studies in Group.2 were able to

668 demonstrate significant adverse outcomes (Berbel 2009-as one excellent example),
669 and also their more global nature would help support the generalizability of the

670 present model.”

671 o “Excluding these studies lessens the power of the total sample size and thus the ability
672 to detect an association between maternal hypothyroxinemia and any of the offspring
673 outcomes, but provides what may be:a somewhat exaggerated estimate of the

674 potential adverse effects of perchiorate exposure. This approach is more conservative,
675 to which there are pros and 'cons of doing so, toward derivation of a perchlorate MCLG.
676 With this approach, the goal is to minimize exposure to the lowest perchlorate

677 concentration associated with any number of adverse outcomes. I would favor the
678 more liberal public health approach, which is inclusion of all available studies, whether
679 they are positive. or negative. Although the perchlorate MCLG may be higher, this

680 latter approach would be consistent with using all available evidence to improve the
681 scientific rigor of the proposed study question.”

682 The peer reviewers also suggested a number of additional peer-reviewed studies that they feit
683 should have been considered to inform BBDR modeling of the quantitative relationship

684 between thyroid hormone levels and neurodevelopmental outcomes:
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685 o Barez-Lépez S, Jesus-Obregon M, Bernal ], Guadafio-Ferraz A. 2017. Thyroid Hormone

686 Economy in the Perinatal Mouse Brain: Implications for Cerebral Cortex Development.
687 Cerebral Cortex, 28(5): 1783-1793.

688 o Bath S, Steer C, Golding J, Emmett P, Raymen M. 2013. Effect of inadequate iodine
689 status in UK pregnant women on cognitive outcomes in their children: results from the
690 Avon Longitudinal Study of Parents and Children (ALSPAC). The Lancet, 382(9889):
691 331-337.

692 o Bernal J. 2017. Thyroid hormone regulated genes in cerebral cortex development.
693 Journal of Endocrinology, 232(2): R83-R97.

694 o Casey B, Thom E. 2017. Subclinical Hypothyroidism or Hypothyroxinemia in

695 Pregnancy. The New England Journal of Medicine, 377(7): 701.

696 o Casey B, Thom E, Peacemann A, Varner M, Sorokin Y, Hirtz D; Reddy U, Wapner R,
697 Thorp ], Saade G, Tita A, Rouse D, Sibai B, Iams ], Mercer B, Tolosa ], Caritis S,

698 vanDorsten JP. 2017. Treatment of Subclinical Hypothyroidism or Hypothyroxinemia in
699 Pregnancy. The New England Journal of Medicine, 376: 815-825.

700 o Endendijk J, Wijnen H, Pop V, van Baar A. 2017. Maternal thyroid hormone

701 trajectories during pregnancy and child behavioral problems. Hormones and Behavior,
702 94: 84-92.

703 o Hales C, Taylor P, Channon'S, Paradice R, McEwan K, Zhang L, Gyedu M, Bakhsh O,
704 Muller I, Draman M, Gregory ], Dayan ], Rees D, Ludgate M. 2018. Controlled

705 Antenatal Thyroid Screening1I: effect of treating maternal sub-optimal thyroid

706 function on childhood cognition. The Journal of Clinical Endocrinology and Metabolism,
707 103(4): 1583-1591.

708 o Lazarus J, Bestwick J, Channon S, Paradice R, Maina A, Rees R, Chiusano E, John R,
709 Guaraldo V;:George L, Perona M, Dall’Amico D, Parkes A, Joomun M, Wald NJ. 2012.
710 Antenatal Thyroid Screening and Childhood Cognitive Function. The New England

711 Journal of Medicine, 366: 493-501.

712 o Taylor PN, Okosieme OE, Murphy R, Hales C, Chiusano E, Maina A, Joomun M,

713 Bestwick JP, Smyth P, Paradice R, Channon S, Braverman LE, Dayan CM, Lazarus JH,
714 Pearce EN. 2014. Maternal Perchlorate Levels in Women with Borderline Thyroid
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715 Function During Pregnancy and the Cognitive Development of Their Offspring: Data
716 from the Controlled Antenatal Thyroid Study. The Journal of Clinical Endocrinology &

717 Metabolism, 99(11): 4291-4298.

718 In the draft MCLG approach, USEPA (2017) focused on five studies that evaluated the relationship of
719 maternal fT4 and several neurodevelopmental endpoints (IQ, mental development index (MDI);

720 psychomotor development index (PDI), standard deviation of reaction time), based on measurements
721 of fT4 during early pregnancy. Results from previous studies have provided thebasis for No Observed
722 Effect Levels (NOELs) for health effects of perchlorate in the development of‘Reference Doses and
723 currently recommended Health Reference Levels (HRLs), including Greer et al. (2002) in which adult
724 men and women were exposed to perchlorate in drinking water at doses of 0.007, 0.02, 0.1, or 0.5
725 mg/kg/day for 14 days demonstrated a NOEL for perchiorate inhibition of radioiodide uptake by the
726 thyroid NIS following exposure to 7 pg/kg/day. The point of departure from the Greer et al. (2002)
727 study represents a perchlorate level that precedes the inhibition:of iodine uptake by the thyroid. The
728 NAS RfD developed based on the point of departure (POD) from this study is a deviation from the
729 Agency’s traditional approach of using a No Observed-Adverse Effect Level (NOAEL) for regulatory
730 actions. The NAS’s use of a No Observed Effect:Level (NOEL) is based on “using a nonadverse effect

731 that is upstream of the adverse effect [which] is a more conservative and health protective approach”.

732 While these studies have not been conducted-in pregnant women (the population of interest for the

733 draft MCLG approach), as noted by in USEPA (2017):

734 "...the BBDR model predicts very little difference in non-pregnant and first-trimester
735 response to perchlorate. .This likely occurs because the half-life of (organified) iodine
736 in the adult thyroid is around six months, hence the availability of thyroidal iodine in
737 the first trimester pregnant woman is determined to a very large extent by her

738 nutrition.and perchlorate exposure several years preceding pregnancy.”

739 This suggests that a comparison of the current modeling results to those from studies conducted in
740 adults should provide insight into the predictions of the model and the conclusions regarding the

741 changes in thyroid hormone levels that may resuit in neurodevelopmental effects.
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742 The current draft approach for deriving the MCLG assumes any exposure to perchlorate reduces fT4 to
743 some extent (p. 3-17 of USEPA 2017). In addition, linear regression analyses conducted to evaluate
744 the relationship between changes in fT4 and neurodevelopmental effects further assumes any change
745 in fT4 resuits in some risk of neurodevelopmental effects. These assumptions are in contrast to the
746 results from Greer et al. (2002) in which exposures to perchlorate were as high as 500 jig/kg/day and
747 no impact on thyroid hormone levels was observed. This was true for both men and women. In

748 addition, in a study conducted by Braverman et al. (2006), 6 months of exposure to perchiorate in
749 capsules at doses up to 3 mg/day (approximately 40 pg/kg/day) was reported te have no effect on
750 thyroid function, including inhibition of thyroid iodide uptake as well as serum levels of thyroid

751 hormones, TSH, and Tg in a small group of volunteers.

752 USEPA (2017) notes (p. 6-16) that from results of the literature.review, it appears the relationship
753 between maternal fT4 and fetal brain development has a temporal relationship, with this influence
754 likely being greatest in early pregnancy (i.e. prior to mid-gestation). The focus of the evaluation is on
755 gestational weeks 12, 13, and 16, where the mother’s fT4 levels will have the greatest impact on the
756 fetus. This should allow for comparison to the model:results in pregnant women to results from

757 previous studies focused on identification of perchlorate concentrations that would impact fT4 fevels in

758 adult women, such as the Greer et al. (2002) study.

759 Based on the BBDR model predictions, USEPA (2017) estimates that a perchiorate dose of 0.3-0.4

760 Hg/kg/day would result in a 1% increase in the proportion of the population with hypothyroxinemia
761 and a perchlorate dose of 2.1-2.2:ug/kg/day would result in a 5% increase in proportion of the

762 population with hypothyroxinemia:. These modeling results suggest a potential for a significant change
763 in thyroid hormones, as well as adverse effects on neurodevelopment at doses of perchiorate exposure
764 for which there is evidence that decreases in fT4 are not observed. Based on the mode of action

765 proposed by USEPA (2017), decreases in fT4 and increases in TSH would be prerequisite steps for the
766 potential for neurodevelopmental effects. These changes in hormone levels are not observed in the
767 Greer et al. (2002) study following exposure up to 500 pg/kg/day. The draft MCLG approach suggests
768 population changes in fT4 would be observed that would shift the proportion of pregnant women that

769 would be hypothyroxinemic at doses of perchiorate below the previously defined NOEL (7 pg/kg/day).
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770 Table 6 (Table 39 of USEPA 2017) provides the predicted dose of perchlorate per unit change in

771 neurodevelopmental measure for low iodine intake individuals. Those for IQ are approximately at or
772 above (6.5 - 45 ug/kg/day) the NOEL from Greer et al. (2002) and are associated with decreases in
773 fT4 of 4.3 to 18.7%. The doses associated with other neurodevelopmental endpoints are 1.7 to 3.0
774 Hg/kg/day and are associated with decreases in fT4 of 1.3 t0 2.4%. These percent changes in fT4 are
775 very small and considering the potential uncertainty and variability in measuring fT4 levels, there is a
776 lack of evidence that such small changes in fT4 will result in clinical observations, Reference ranges
777 for fT4 are 0.9 - 2.5 ng/dL in infants (0-5 days) and 0.9 - 1.7 ng/dL in adults (> 20 yrs)

778 (https://www.mayomedicallaboratories.com/test-catalog/Clinical+and+Interpretive/8725). Thus, for

779 an adult, at the low end of the reference range, we would expect a change.from 0.900 to 0.878 ng/dL,
780 a value that given the number of significant figures in the reference value would not be measurable.
781 The dose of perchlorate estimated to result in a 1% or 5% increase in‘the proportion of

782 hypothyroxinemic pregnant women is even lower, ranging from_ 0.3 to 2.2 ug/kg/day. USEPA (2017)
783 findings are contrary to multiple studies in adults and pregnant women (Greer et al. 2002; Braverman
784 et al. 2006; Téllez Téllez et al. 2005a, 2005b) provide robust evidence that no impact on iodine

785 uptake or thyroid hormone levels would be expected at these dose levels. Based on the mode of

786 action proposed by USEPA (2017), these precursor impacts are necessary to generate the

787 neurodevelopmental effects derived from the BBDR model.
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Table 6. Predicted Dose of Perchiorate per Unit Change in Neurodevelopmental Measure for Low Iodine
Intake Individuals based on Central Effect Estimates at the Median T4 level (USEPA 2017)
AfT4 in pmol/L Dose of perchiorate
(% AfT4 from O dose per unit change in
Study Endpoint
perchiorate, iodine intake endpoint
= 75 pg/day) (pg/kg/day)?
Korevaar et al. (2016)
1Q -1.08 (12.2%) 23
Quadratic
Korevaar et al. (2016)
USEPA Independent 1Q -0.98 (11.1%) 20
Analysis: Bivariate
Korevaar et al. (2016)
USEPA Independent 1Q -1.66 (18.7%) 45
Analysis: Multivariate
Vermiglio et al. (2004) 1Q -0.37 (4.3%) 6.5
Pop et al. (2003) MDI -0.15 (1.7%) 2.2
Pop et al. (2003) PDI -0.12 (1.3%) 1.7
Pop et al. (1999) PDI -0.12 (1.3%) 1.7
Finken et al. (2013) SD of Reaction Time -0.21 (2.4%) 3.0
1% or 5% increase in
proportion of 0.3 - 0.4° [1%]
BBDR model (USEPA 2017) 1% or 5%
hypothyroxinemic 2.1 - 2.2° [5%]
pregnant women®

@ Based on the regression analysis for the range of fT4 data within each study. Central beta estimates of the fow

iodide intake population (= 75 pg/day) are presented.

® Hypothyroxinemia defined as fT4 < 10" percentile

¢ Range based on gestational week used to perform the analysis (12 to 16 weeks).

788
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789 DISCUSSION

790 A critical review of the (USEPA) 2017 report entitled “Draft Report: Proposed Approaches to Inform
791 the Derivation of a Maximum Contaminant Level Goal for Perchlorate in Drinking Water”, as well as
792 the BBDR model that was proposed for use in derivation of the MCLG, was conducted. Overall,

793 conducting this review and assessment of the BBDR model was beset by multiple challenges and the
794 effort highlighted a number of uncertainties in the use of the model. The main challenges that the
795 review presented were due to the complexity of the BBDR model itself. The co-authors:of this review,
796 who are widely considered to be experts in the area of PBPK and BBDR model development, found it
797 difficult to evaluate the complex interactions of model parameters and their relationship to the

798 predictions of the model. In our efforts to reproduce simulations provided in USEPA (2017), it was
799 noted that instructions for running the model for different scenarics, and documentation of the

800 rationale for the model parameter values associated with them, were sometimes inadequate; this

801 deficiency, which is inevitable in a complex model, was exacerbated by the number of code scripts
802 required to set the parameters used to generate the various results in the document. As a result, the
803 ability to independently verify all aspects of the model were impeded by uncertainties associated with
804 the steps necessary to reproduce figures and tables in the report, or to perform comparisons of model

805 predictions to data for alternative exposure scenarios or studies.

806 As suggested by C.A.R. Hoare in his 1980 ACM Turing Award Lecture: "There are two ways of

807 constructing a software design: One way.is to make it so simple that there are obviously no

808 deficiencies and the other wayis:to make it so complicated that there are no obvious deficiencies.” By
809 their nature, BBDR models are seldom simple; to the extent that BBDR models attempt to describe
810 complex biological systems they will inherently be difficuit to comprehend. The criticisms of the

811 perchliorate PBPK model inthis case study are not meant to suggest that the model is incorrect or un-
812 useful, and they shouldnot be taken as criticisms of the utility of BBDR modeling in general. Used
813 appropriately, BBDR models can provide important information for better risk assessment decision-
814 making. The issue that needs to be addressed in each case is whether a BBDR model is fit for the

815 intended purpose of using it in the risk assessment.

816 The first use of PBPK modeling in risk assessments dates back to the 1980s (USEPA 1987) and yet the

817 application of PBPK modeling to replace default dosimetry remains controversial, primarily due to
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818 concerns regarding model uncertainty. To address these concerns, the OMB (2007) memorandum on
819 risk analysis recommended the presentation of results from multiple dose-response approaches to
820 provide a more robust risk characterization. In this scenario, a fit-for-purpose BBDR model can

821 provide information on the most scientifically plausible risk estimate for comparison with the results of
822 default approaches (Clewell et al. 2008). Consistent with this OMB recommendation, one focus of our
823 evaluation was determining how the results of the BBDR modeling could inform the likelihood that the
824 current perchlorate guideline (USEPA 2005), which is based on inhibition of thyroidal iedine uptake in
825 adults, is also protective of concerns regarding neurodevelopmental effects of perchiorate. This

826 question is discussed in the Conclusion.

827 The current BBDR model that was relied upon for the USEPA (2017) draft approach is an extension of
828 previous models that have been validated and published in the peer-reviewed literature (Clewell et al.
829 2007; Merrill et al. 2003; Lumen et al. 2013). Similar values for key parameters have been

830 successfully used across the previous models, yet changes were-made in the current model or new
831 parameters added (e.g. VCHNG, HCGreg, pTSH, KmNiS), often with little or no evidence or

832 justification provided to support these revisions in'the USEPA (2017) documentation. Additional

833 support for these changes will be needed to provide validation of the current revisions to the BBDR

834 model and to provide confidence in the predictions of changes in fT4 made by the model.

835 Certainly, confidence in the BBDR model predictions is undermined by the model’s inability to simulate
836 the results from the Steinmaus et al. (2016) study. In Appendix B of USEPA (2017), a comparison of
837 the predicted changes in both fT4.and TSH from the BBDR model were compared to the results

838 reported by Steinmaus et al. (2016) (reproduced in Figure 6). The Steinmaus et al. (2016) study was
839 conducted to evaluate the potential for perchlorate exposure to impact thyroid hormone levels in

840 pregnant women in San Diego. This comparison clearly highlights the differences between the model
841 predictions and those:from a published study. The baseline BBDR simulations with normal iodine

842 intake (170 pg/day) demonstrate no change in fT4, which is consistent with other studies in which no
843 impact on fT4 has been observed at doses up to 7 pg/kg/day (Greer et al. 2002; Braverman et al.
844 2006). The BBDR model underpredicted changes in fT4, even in the scenario with low dietary iodine
845 intake (75 pg/day), when compared to the changes reported by Steinmaus et al. (2016). This

846 discrepancy calls into question the ability of the model to predict changes in fT4 associated with
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847 perchlorate exposure. In particular, the proposed MCLG approach depends on model predictions of
848 small changes in fT4 as low as approximately 1% (Table 6) being associated with unit changes in
849 neurodevelopmental endpoints. Predictions of this precision would require a level of model precision

850 that has not been demonstrated by comparisons to existing data.

851 Many of the changes in fT4 that are predicted by the draft MCLG approach to estimate impact on the
852 population distribution of fT4 and therefore result in per unit changes in neurodevelopmental

853 outcomes are small percent changes (some as low as a 1.3-4.3% change). This'would appear to

854 suggest that the extended version of the BBDR model has a capability to estimate:small changes in
855 fT4 with a level of precision that is not demonstrated by any adequate validation. In fact, BBDR model
856 predictions of fT4 underpredict observed data in human studies (Tables:1'and 3) by as much as 25-
857 35%. Moreover, considering the variability of fT4 in the populations of interest, there is uncertainty as
858 to whether these slight changes could be measured clinically, considering the greater impact of iodine
859 intake on hormone levels. Considering the lack of data to support critical parameters and

860 assumptions in the model, as well as the impact of the:variability of iodine intake on model

861 predictions, it seems crucial that validation of the'BBDR model by comparison with observed data be
862 used to provide confidence in the predictions ofithe BBDR model. However, the BBDR model clearly
863 fails the only comparison that has been conducted’ (Figure 6), with the BBDR model predictions falling
864 outside the bounds of the statistical confidence limits estimated for the Steinmaus et al. (2016)

865 relationship between perchlorate dose ‘and fT4. Each of the components of the BBDR model combined

866 result in compounded uncertainty in the modeling results.

867 Until additional data are available to validate current extensions of the BBDR model to the pregnant
868 woman, the Greer et al. (2002) and Braverman et al. (2006) studies provide the critical information in
869 determining concentrations of perchlorate that do not result in significant inhibition of iodide uptake
870 and, therefore, impacts on fT4. Based on recommendations from the National Academy of Sciences
871 (2005), points of departure provided by these studies used in combination with uncertainty factors
872 were considered to be protective of sensitive subpopulations, this approach has previously been relied
873 upon to support guidelines for perchlorate in drinking water under the Safe Drinking Water Act (USEPA
874 2008), and has also been used more recently by JECFA (2011) and EFSA (2014) in their regulation of

875 perchlorate.
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876 CONCLUSIONS

877 We applaud the USEPA for the application of a BBDR model in their draft MCLG approaches, as these
878 models integrate the available science for a compound of interest. However, while the hormone

879 component of the model is a scientific improvement in terms of incorporating the available biology,
880 there is a lack of data to provide critical validation in multiple steps of the proposed approach and to
881 support several assumptions/parameters within the BBDR model. In particular, while.no major

882 structural defects in the USEPA (2017) BBDR model were identified, there are a number of

883 uncertainties in the model parameterization that call into question its use for predicting very smali
884 changes in clinical hormone values, such as a 1% change in fT4 (Tables 4-6) While the model

885 prediction for 1% change in fT4 (0.3-0.4 pg/kg/day) would yield a POD lower than the USEPA (2005)
886 RfD, that level of precision is a not supported by the comparison of the model predictions with

887 available data. Nonetheless, the consistency of the model-predicted PODs based on the

888 epidemiological endpoints (Table 6), and the relationship of these results with previous risk

889 assessments based on biologically sound precursors (iodide‘inhibition in thyroid), indicate that the
890 interim health standard would be sufficiently protective:against the developmental neurological

891 endpoints of concern, as illustrated in Figure 7, which compares the point of departure from the

892 USEPA (2005) IRIS assessment with the PoDs calculated by the BBDR model in the USEPA (2017)
893 report (Table 6). The USEPA (2005) RfD. (red bar) is protective for all of the endpoints from

894 epidemiological studies and is consistent with a change in population fT4 levels of less than 5%.
895

896 Beginning with the initial risk.characterization for perchlorate (USEPA 2002), the fundamental

897 underpinning of the agency’s risk assessment approach has been the use of an obligatory precursor as
898 a conservative basis for protecting against downstream health effects. As elaborated in the original
899 documentation (USEPA 2003), the effects of perchlorate are mediated by the inhibition of thyroidal
900 iodine uptake by perchlorate. Uniess perchlorate concentrations in the blood are sufficient to disrupt
901 iodine uptake, there is no plausible basis for suggesting an effect of perchlorate on thyroid hormone
902 homeostasis or subsequent events leading to developmental or (in the rat) carcinogenic effects. The
903 recent studies suggesting a relationship between perchlorate exposure and decreased fT4 do not

904 impeach this causal relationship. Therefore, until the significant uncertainties in the current BBDR
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905

906

907

908

909

910

model and draft MCLG approaches can be addressed, USEPA should continue to rely on the RfD

approach based on inhibition of thyroidal iodine uptake (USEPA (2005), as recommended by the
National Academy of Sciences (2005) for any further regulatory action. The USEPA (2005) RfD
includes an intraspecies uncertainty factor of 10 “to protect the most sensitive population, the fetuses
of pregnant women who might have hypothyroidism or iodide deficiency.” None of the predictions of

the BBDR model suggest that this uncertainty factor is inadequate.
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1141 Figure 1. Mode-of-action model for perchlorate toxicity proposed by the USEPA (2002).

1142 Inhibition of iodide uptake in the thyroid by perchliorate is an obligatory precursor for all

1143 downstream cancer and noncancer endpoints, including neurodevelopment.

1144 Figure 2: Structure of the Early Pregnancy BBDR (USEPA 2017)

1145 Figure 3: Variation in free T4 (fT4 in early pregnancy (as reported in USEPA 2017))

1146 Figure 4, Comparison of parameters controlling hCG-dependent changes in thyroidal uptake
1147 (VCHNG, green) and thyroid hormone production rate (HCGREG, purple) in:the BBDR model as
1148 a function of gestational age. Despite the fact that both parameters.are dependent upon hCG
1149 levels, the predicted trends across gestation are not consistent.

1150 Figure 5. Panel a: Model predictions for free T4 (fT4) in.non-pregnant women as a function of
1151 iodine intake compared to data from NHANES 2007-2012 (USEPA 2017). Panel b: Underlying
1152 NHANES data without model predictions. Note the lack of evidence for any correlation

1153 between iodine intake and fT4 in the NHANES data:in the range from 20 to 90 pg/d, in

1154 contrast to model predictions.

1155 Figure 6. Comparison of BBDR model predicted free T4 (fT4) changes as a function of

1156 perchlorate dose with data from Steinmaus et al. (2016). Reproduced from USEPA (2017).
1157 Blue boxes and diamonds represent the BBDR model predictions for median (170 pg/d) and
1158 low (90 ng/d) iodine intake populations (GW 13-16); red +’s represent the central estimate
1159 from the analysis of the Steinmaus et al. (2016) study and the red x’s represent the upper
1160 and lower confidence limits for that estimate.

1161 Figure 7. Comparison of PoDs calculated using the USEPA (2017) BBDR model-based PoDs
1162 (blue and green bars) with the USEPA (2005) RfD (red bar).

1163
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Highlights (maximum 125 characters, including spaces)

o The USEPA (2017) BBDR model plausibly describes perchlorate effects on thyroid hormone

regulation during early pregnancy.

The model is a valuable tool for investigating the effects of perchlorate on thyroid function

during early gestation.

« BBDR modeling results indicate that the current USEPA RfD, based on adult effects;.is also
protective for fetal effects.

« However, current model uncertainties dictate against its use to replace the existing RfD for
perchlorate.
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*#*E.O. 12866 Review — Draft — Do Not Cite, Quote, or Release During Review™***
6560-50-P

| FILENAME \* MERGEFORMAT |

ENVIRONMENTAL PROTECTION AGENCY

40 CFR Parts 141 and 142

[EPA-HQ-OW-2018-0780, EPA-HQ-OW-2008-0692, EPA-HQ-OW-2009-0297; FRL-
XXXX-XX-OW]

RIN 2040-AF28

Drinking Water: Notice of Final Action on Perchlorate

AGENCY: Environmental Protection Agency (EPA).

ACTION: Final Action.

SUMMARY: The Environmental Protection Agency (EPA) is announcing its withdrawal of the
2011 determination to regulate perchlorate in accordance with the Safe Drinking Water Act
(SDWA). On February 11, 2011, the EPA published a Federal Register notice in which the
Agency determined that perchlorate met the SDWA’s criteria for regulating a contaminant. On
June 26, 2019, the EPA published a proposed national primary drinking water regulation
(NPDWR) for perchlorate and requested public comments on multiple alternative regulatory
actions, including the alternative of withdrawing the 2011 regulatory determination for
perchlorate. The EPA received approximately 1,500 comments on the proposed rule. The EPA

has considered these public comments and based on the best available information the Agency is
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*#*E.O. 12866 Review — Draft — Do Not Cite, Quote, or Release During Review™***
withdrawing the 2011 regulatory determination and is making a final determination to not
regulate perchlorate. The EPA has determined that perchlorate does not occur with a frequency
and at levels of public health concern, and that regulation of perchlorate does not present a
meaningful opportunity for health risk reduction for persons served by public water systems.
DATES: For purposes of judicial review, the regulatory determination in this document is issued
as of [insert date of publication in the Federal Register/.

FOR FURTHER INFORMATION CONTACT: Samuel Hernandez, Office of Ground Water
and Drinking Water, Standards and Risk Management Division (Mail Code 4607M),
Environmental Protection Agency, 1200 Pennsylvania Avenue, NW, Washington, DC 20460;
telephone number: (202) 564-1735; email address: hernandez.samuel@epa.gov.
SUPPLEMENTARY INFORMATION: This notice is organized as follows:
I. General Information

A. Does this Action Apply to Me?

B. How can I get Copies of this Document and other Related Information?
II. Background

A. Whatis Perchlorate?

B. Whatis the Purpose of this Action?

C. Whatis the EPA’s statutory authority for this action?

D. Statutory Framework and Perchlorate Regulatory History

III.  Final Regulatory Determination for Perchlorate
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*#*E.O. 12866 Review — Draft — Do Not Cite, Quote, or Release During Review™***
A. May perchlorate have an adverse effect on the health of persons?
B. Is perchlorate known to occur or is there a substantial likelihood that perchlorate will
occur in public water systems with a frequency and at levels of public health concern?
C. Is there a meaningful opportunity for the reduction of health risks from perchlorate for
persons served by public water systems?
D. Whatis the EPA’s final regulatory determination on perchlorate?
IV.  Summary of Key Public Comments on Perchlorate
A. Health Effects Assessment
B. Occurrence
C. Regulatory Proposal and Alternatives
D. SDWA Statutory Requirements
E. Regulatory Determination Withdrawal
V. Conclusion
V1.  References
I. General Information
A. Does This Action Apply to Me?
This action will not impose any requirements on anyone. Instead, this action notifies
interested parties of the EPA’s withdrawal of the 2011 regulatory determination for perchlorate

and the final regulatory determination to not regulate perchlorate. This notice also provides a
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*#*E.O. 12866 Review — Draft — Do Not Cite, Quote, or Release During Review™***
summary of the major comments received on the June 26, 2019 (84 FR 30524) proposed
NPDWR for perchlorate.

B. How can I get Copies of this Document and other Related Information?

The EPA has established a docket for this action under Docket ID No. EPA-HQ-OW-—
2018-0780. Publicly available docket materials are available electronically at [ HYPERLINK
"http://www regulations.gov/docket?’D=EPA-HQ-OW-2018-0780" ].

II. Background
A. What is Perchlorate?

Perchlorate is a negatively charged inorganic ion that is comprised of one chlorine
atom bound to four oxygen atoms (ClO4-), which is highly stable and mobile in the
aqueous environment. Perchlorate comes from both natural and manmade sources. It is
formed naturally via atmospheric processes and can be found within mineral deposits in
certain geographical areas. It is also produced in the United States, and the most common
compounds include ammonium perchlorate and potassium perchlorate used primarily as
oxidizers in solid fuels to power rockets, missiles, and fireworks. Perchlorate can also
result from the degradation of hypochlorite solutions used for water disinfection. The
degradation into perchlorate occurs when hypochlorite solutions are improperly stored
and handled. For the general population, most perchlorate exposure is through the
ingestion of contaminated food or drinking water. At certain levels, perchlorate can

prevent the thyroid gland from getting enough iodine, which can affect thyroid hormone
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production. For pregnant women with low iodine levels, sufficient changes in thyroid
hormone levels may cause changes in the child’s brain development. For infants, changes
to thyroid hormone function can also impact brain development.

B. What is the purpose of this action?

The purpose of this action is to publish the EPA’s notice to withdraw the 2011 regulatory
determination and issue a final determination to not regulate perchlorate in drinking water. This
notice presents the EPA’s basis for this withdrawal and final regulatory determination, and the
EPA’s response to key issues raised by commenters in response to the June 26, 2019 (84 FR
30524) proposed rule (referred to hereinafter as “the 2019 proposal”).

C. Whatis the EPA’s statutory authority for this action?

The SDWA sets forth three criteria that must be met for the EPA to issue a maximum
contaminant level goal (MCLG) and promulgate a national primary drinking water regulation
(NPDWR). Specifically, the Administrator must determine that (1) “the contaminant may have
an adverse effect on the health of persons”; (2) “the contaminant is known to occur or there is a
substantial likelihood that the contaminant will occur in public water systems with a frequency
and at levels of public health concern”; and (3) “in the sole judgment of the Administrator,
regulation of such contaminant presents a meaningful opportunity for health risk reduction for
persons served by public water systems” (SDWA 1412(b)(1)(A)).

The EPA has determined, based on data and analysis since the issuance of the 2011

regulatory determination, that perchlorate does not in fact meet the statutorily-prescribed criteria
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for regulation. As described in Sections III & VI of the 2019 proposal, the data and analysis in
the record indicate that perchlorate does not occur in public water systems with a frequency and
at levels of public health concern. Specifically, the peer-reviewed health effects analysis
indicates that the concentration of perchlorate representing the levels of public health concern
(i.e., the proposed MCLG levels, 18-90 pug/L) is higher than the concentration considered in
issuance of the 2011 regulatory determination (1-47 pg/L) (USEPA, 2019a). In addition, based
on an evaluation of the nationally representative UCMR 1 systems, the updated occurrence
analysis shows that the frequency of occurrence of perchlorate in public water systems at levels
exceeding any of the alternative proposed MCLGs is significantly lower (0.38% - 0.02%) than
the frequency considered in the analysis for the 2011 regulatory determination (4% - 0.39%)
(USEPA, 2019b). The EPA estimates that, even at the most stringent regulatory level considered
in the 2019 proposal (18 pg/L), not more than 15 systems (0.03% of all water systems in the
U.S.) would need to take action to reduce levels of perchlorate. Based on this information, the
EPA determines that perchlorate does not occur in public water systems “with a frequency...of
public health concern” and thus does not meet the second criterion of the three required for
regulation under the SDWA. In addition, while the third criterion is “in the sole judgement of the
Administrator,” the low occurrence provides ample support for the EPA’s conclusion that the
regulation of perchlorate does not present a “meaningful opportunity for health risk reduction for

persons served by public water systems,” within the meaning of 1412(b)(1)(A)(iii). Accordingly,
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because perchlorate no longer meets the statutory criteria for regulation, the EPA does not have
the authority to issue a MCLG or promulgate a NPDWR for perchlorate.

The EPA’s decision to withdraw the regulatory determination is supported by the
legislative history underlying the 1996 amendments to the SDWA, which repealed the statutory
requirement for the EPA to regulate an additional 25 contaminants every 3 years and replaced it
with the current requirement for the EPA to determine whether regulation is warranted for five
contaminants every five years. In describing the need for such amendment, the legislative history
points to the view expressed at the Committee Hearing that “the current law is a one-size-fits-all
program. It forces our water quality experts to spend scarce resources searching for dangers that
often do not exist rather than identifying and removing real health risks from our drinking water”
(S. Rep. 104-169 (1995} at 12). This amendment reflected Congress’ clear intent that the EPA
prioritize actual health risks in determining whether to regulate any particular contaminant. See
id at 12 (noting that the amendment “repeals the requirement that the EPA regulate an additional
25 contaminants every 3 years replacing it with a new selection process that gives the EPA the
discretion to identify contaminants that warrant regulation in the future”).

The EPA’s decision to withdraw the regulatory determination is also consistent with
Congress’ direction to prioritize the SDWA decisions based on the best available public health
information. See 1412(b)(1)(B)i1)(II) (findings supporting a determination to regulate “shall be
based on the best available public health information”); 1412(b)(2)(A) (requiring that the EPA

use “the best available, peer-reviewed science and supporting studies...” in carrying out any
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actions under this section). Although the EPA determined in 2011 that perchlorate met the
criteria for regulation, new data and analysis developed by the Agency as part of the 2019
proposal demonstrate that the occurrence and health effects information used as the basis for the
2011 determination no longer constitute “best available information,” are no longer accurate and
no longer support the Agency’s prioritization of perchlorate for regulation. Accordingly, not only
is EPA not authorized to issue a MCLG or promulgate a NPDWR for perchlorate, but it would
not be in the public interest to do so.

The EPA recognizes that the Act does not include a provision explicitly authorizing
withdrawal of a regulatory determination. However, such authority is inherent in the authority to
issue a regulatory determination under 1412(b)(1)(B)(i1)(II), particularly given the requirement
that such determination be based on the “best available public health information,” as discussed
above. Accordingly, the EPA must have the inherent authority to withdraw a regulatory
determination if the underlying information changes between regulatory determination and
promulgation. In light of its concern that the EPA focus new contaminant regulations on priority
health concerns, Congress could not have intended that the EPA’s regulatory decision-making be
hamstrung by older data when newer, more accurate scientific and public health data are
available, especially when those data demonstrate that regulation of a new contaminant would
not present a meaningful opportunity for health risk reduction.

Moreover, the EPA notes that the statute specifically provides that a decision to not

regulate a contaminant is a final Agency action subject to judicial review. SDWA, section
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1412(b)(1)B)(i1)(IV). Congress could have — but did not — specity the same with respect to
determinations to regulate. Congress also did not explicitly prohibit the EPA from withdrawing
or modifying a regulatory determination. Congress’ silence with respect to determinations to
regulate suggests that Congress intended that such a determination is not itself a final agency
action, but rather a preliminary step in a decision-making process culminating in a NPDWR and
thus subject to reconsideration based on new data and analysis considered during the 36 month
promulgation process specified in the statute. Accordingly, reconsideration of this preliminary
finding — and withdrawal of the determination based on subsequent analysis mandated for
NPDWR development — is fully consistent with the statutory decision-making framework.

D. Statutory Framework and Perchlorate Regulatory History

Section 1412(b)(1)(B)(1) of the SDWA requires the EPA to publish every five years a
Contaminant Candidate List (CCL). The CCL is a list of drinking water contaminants that are
known or anticipated to occur in public water systems and are not currently subject to federal
drinking water regulations. The EPA uses the CCL to identify priority contaminants for
regulatory decision-making and information collection. Contaminants listed on the CCL may
require future regulation under the SDWA. The EPA included perchlorate on the first, second,
and third CCLs published in 1998 (63 FR 10274), 2005 (70 FR 9071), and 2009 (74 FR 51850).

The EPA collects data on the CCL contaminants to better understand their potential
health effects and to determine the levels at which they occur in public water systems. SDWA,

section 1412(b)(1)(B)(i1) requires that, every five years, the EPA, after consideration of public
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comment, issue a determination of whether or not to regulate at least five contaminants on each
CCL. For any contaminant that the EPA determines meets the SDWA criteria for regulation,
under SDWA, section 1412(b)(1)(E), the EPA must propose a NPDWR within two years and
promulgate a final regulation within 18 months of the proposal (which may be extended by 9
additional months).

As part of its responsibilities under the SDWA, the EPA implements section 1445(a)(2),
“Monitoring Program for Unregulated Contaminants.” This section requires that once every five
years, the EPA issue a list of no more than 30 unregulated contaminants to be monitored by
public water systems. This monitoring is implemented through the Unregulated Contaminant
Monitoring Rule (UCMR), which collects data from community water systems and non-
transient, non-community water systems. The first four UCMRs collected data from a census of
large water systems (serving more than 10,000 people) and from a statistically representative
sample of small water systems. On September 17, 1999, the EPA published its first UCMR (64
FR 50556), which required all large systems and a representative sample of small systems to
monitor for perchlorate and 25 other contaminants (USEPA, 1999). Water system monitoring
data for perchlorate was collected from 2001 to 2005.

The EPA and other federal agencies asked the National Research Council (NRC) to

evaluate the health implications of perchlorate ingestion. In its 2005 report, the NRC concluded
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that perchlorate exposure inhibits the transport of iodide' into the thyroid by a protein molecule
known as the sodium/iodide symporter (NIS), which may lead to decreases in two thyroid
hormones, thyroxine (T3) and triiodothyronine (T4), and increases in thyroid-stimulating
hormone (TSH) [ ADDIN ZOTERO _ITEM CSL_CITATION
{"citationID":"almnShjprkt"”,"properties”: { "formattedCitation":"(National Research Council
(NRC), 2005b)","plainCitation":"(National Research Council (NRC),

2005b)","noteIndex":0},"citationltems™:[ {"id":350, " uris":[ "http://zotero.org/groups/945096/item

S/TN6HMCO9D"],"ur1":["http://zotero.org/groups/945096/items/ TN6HMCID"], "itemData": {"id":

1" o1
2

350,"type":"book", "title":"Health Implications of Perchlorate Ingestion","publisher":"National

"o
2

Academies Press","publisher-place":"Washington, DC","event-place":"Washington,
DC","author":[ {"literal":"National Research Council (NRC)"}],"issued": {"date-
parts":[["2005"]]} } } 1,"schema": "https://github.com/citation-style-
language/schema/raw/master/csl-citation.json"} ]. Additionally, the NRC concluded that the
most sensitive population to perchlorate exposure are “the fetuses of pregnant women who might
have hypothyroidism or iodide deficiency” (p. 178). The EPA established a reference dose (RfD)

consistent with the NRC’s recommended RfD of 0.7 ng/kg/day for perchlorate. The reference

dose is an estimate of a human’s daily exposure to perchlorate that is likely to be without an

! For the purposes of this notice, “iodine” will be used to refer to dietary intake before entering the body. Once in the
body, “iodide” will be used to refer to the ionic form.
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appreciable risk of adverse effects. This RfD was based on a study [ ADDIN ZOTERO ITEM
CSL _CITATION {"citationID":"a3u941téme","properties”: { "formattedCitation":"(Greer,
Goodman, Pleus, & Greer, 2002)","plainCitation":"(Greer, Goodman, Pleus, & Greer,

2002)" "notelndex":0},"citationltems":[ {"id":387,"uris":["http://zotero.org/groups/945096/items/

6AKUNIX6"],"ur1":["http://zotero.org/groups/945096/items/6 AKUNIX6"], "itemData": {"id":387

1.1

S'type:"article-journal”,"title":"Health effects assessment for environmental perchlorate

contamination: the dose response for inhibition of thyroidal radioiodine uptake in

1"non
2

humans","container-title”:"Environmental Health

LA
2

1 19
2

Perspectives”,"page":"927","volume":"110","issue":"9", "author":[ {"family":"Greer"," given":"M

1o
2

"o
2

onte A."}, {"family":"Goodman","given":"Gay"}, { "family":"Pleus"," given":"Richard
C."},{"family":"Greer","given":"Susan E."}],"issued": {"date-

parts":[["2002"]]} } } 1,"schema": "https://github.com/citation-style-
language/schema/raw/master/csl-citation json"} ] of perchlorate’s inhibition of radioactive iodine
uptake in healthy adults and the application of an uncertainty factor of 10 for intraspecies
variability [ ADDIN ZOTERO_ITEM CSL _CITATION

{"citationID":"00Hz805¢","properties”: {"formattedCitation":"(USEPA,
2005b)","plainCitation":"(USEPA,

2005b)","noteIndex":0},"citationltems":[ {"id":980,"uris":[ "http://zotero.org/groups/945096/item

S/LHANJBR6"],"uri":["http://zotero.org/groups/945096/items/LHANIBR6"],"itemData": {"id":9

80,"type":"article", "title": "Integrated Risk Information System (IRIS) Chemical Assessment
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Summary: Perchlorate (C104-) and Perchlorate Salts","publisher”":"USEPA National Center for
Environmental Assessment","author":[ {"literal":"USEPA"}],"issued": {"date-
parts":[["2005"]]} } } 1,"schema": "https://github.com/citation-style-
language/schema/raw/master/csl-citation.json"} ].

In October 2008, the EPA published a preliminary regulatory determination to not
regulate perchlorate in drinking water and requested public comment (73 FR 60262). In that
preliminary determination, the EPA found that perchlorate did not occur with a frequency and at
levels of public health concern and that development of a regulation did not present a meaningful
opportunity for health risk reduction for persons served by public water systems. The EPA
derived and used a Health Reference Level (HRL) of 15 pg/L based on the RfD of 0.7 pg/kg/day
and body weight and exposure information for pregnant women in making this conclusion [
ADDIN ZOTERO ITEM CSL CITATION
{"citationID":"FZ6 WMtAV","properties": {"formattedCitation":"(USEPA,
2008a)","plainCitation":"(USEPA,
2008a)","notelndex":0},"citationltems":[ {"id":934,"uris":[ "http://zotero.org/groups/945096/item

s/HBX88QM9"],"uri":["http://zotero.org/groups/945096/items/HBX88QMI"],"itemData": {"id":

934 "type":"article-journal”,"title":"Drinking water: Preliminary regulatory determination on

i o1
)

perchlorate”,"container-title":"Federal

Register","volume":"73" "issue":"198" "abstract":"SUMMARY: This action presents EPA's

preliminary regulatory determination for perchlorate in accordance with the Safe Drinking Water
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Act (SDWA). The Agency has determined that a national primary drinking water regulation
(NPDWR) for perchlorate would not present \""a meaningful opportunity for health risk reduction
for persons served by public water systems." The SDWA requires EPA to make determinations
every five years of whether to regulate at least five contaminants on the Contaminant Candidate
List (CCL). EPA included perchlorate on the first and second CCLs that were published in the
Federal Register on March 2, 1998 and February 24, 2005. Most recently, EPA presented final
regulatory determinations regarding 11 contaminants on the second CCL in a notice published in
the Federal Register on July 30, 2008. In today's action, EPA presents supporting rationale and
requests public comment on its preliminary regulatory determination for perchlorate. EPA will
make a final regulatory determination for perchlorate after considering comments and
information provided in the 30-day comment period following this notice. EPA plans to publish
a health advisory for perchlorate at the time the Agency publishes its final regulatory
determination to provide State and local public health officials with technical information that
they may use in addressing local contamination.”,"ISSN":"ISSN 0097-6326 EISSN 2167-
2520","shortTitle":"Federal Register","journal Abbreviation":"Fed.
Reg." "language":"English","author":[ {"literal":"USEPA"}],"issued": { "date-
parts":[["2008"]]} } } 1."schema": "https://github.com/citation-style-
language/schema/raw/master/csl-citation json"} ]. Using the UCMR 1 occurrence data, the EPA
estimated that less than 1% of drinking water systems (serving approximately 1 million people)

had perchlorate levels above the HRL of 15 pg/L. Based on this information the EPA found that
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perchlorate did not occur at a frequency and at levels of public health concern. The EPA also
determined there was not a meaningful opportunity for a NPDWR for perchlorate to reduce
health risks.

In August 2009, the EPA published a supplemental request for comment with new
analysis that derived potential alternative Health Reference Levels (HRLs) for 14 life stages,
including infants and children. The analysis used the RfD of 0.7 ug/kg/day and life stage-specific
bodyweight and exposure information, resulting in comparable perchlorate concentrations in
drinking water, based on life stage, of between 1 pg/l to 47 pg/l (74 FR 41883; USEPA, 2009).

In February 11, 2011, the EPA published its determination to regulate perchlorate (76 FR
7762; USEPA, 2011) after careful consideration of public comments on the October 2008 and
August 2009 notices. The EPA found at that time that perchlorate may have an adverse effect on
the health of persons, it is known to occur in public drinking water systems with a frequency and
at levels that present a public health concern, and regulation of perchlorate presented a
meaningful opportunity for health risk reduction for persons served by public water systems. The
EPA stated then that: “Based on the data in Table 1 and the range of potential alternative HRLs,
EPA has determined that perchlorate is known to occur or there is a substantial likelihood that it
will occur with a frequency and at levels of public health concern.”(USEPA, 2011, p. 7765). The
EPA found that as many as 16 million people could potentially be exposed to perchlorate at

levels of concern, up from 1 million people originally estimated in the 2008 notice.
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As aresult of the determination, and as required by SDWA, section 1412(b)}(1)(E), the
EPA initiated the process to develop a MCLG and a NPDWR for perchlorate.

In September 2012, the U.S. Chamber of Commerce (the Chamber) submitted to the EPA
a Request for Correction under the Information Quality Act regarding the EPA’s regulatory
determination. In the request, the Chamber claimed that the UCMR 1 data used in the EPA’s
occurrence analysis did not comply with data quality guidelines and were not representative of
current conditions. In response to this request, the EPA reassessed the data and removed certain
source water samples that could be paired with appropriate follow-up samples located at the
entry point to the distribution system. The EPA also updated the UCMR 1 data in the analysis for
systems in California and Massachusetts, using state compliance data to reflect current
occurrence conditions after state regulatory limits for perchlorate were implemented.

As required by section 1412(d) of the SDWA, as part of the NPDWR development
process, the EPA requested comments from the Science Advisory Board (SAB) in 2012, seeking
guidance on how best to consider and interpret the life stage information, the epidemiologic and
biomonitoring data since the NRC report, physiologically-based pharmacokinetic (PBPK)
analyses, and the totality of perchlorate health information to derive an MCLG for perchlorate. In

May 2013, the SAB recommended that the EPA:

e derive a perchlorate MCLG that addresses sensitive life stages through physiologically-based
pharmacokinetic/pharmacodynamic modeling based upon its mode of action rather than the

default MCLG approach using the RfD and specific chemical exposure parameters;
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e expand the modeling approach to account for thyroid hormone perturbations and potential

adverse neurodevelopmental outcomes from perchlorate exposure;

e utilize a mode-of-action framework for developing the MCLG that links the steps in the
proposed mechanism leading from perchlorate exposure through iodide uptake inhibition—to

thyroid hormone changes—and finally to neurodevelopmental impacts; and

e “‘Extend the [BBDR] model expeditiously to . . . provide a key tool for linking early events
with subsequent events as reported in the scientitic and clinical literature on iodide
deficiency, changes in thyroid hormone levels, and their relationship to neurodevelopmental

outcomes during sensitive early life stages’ (SAB for the U.S. EPA, 2013, p. 19).

To address the SAB recommendations, the EPA revised an existing PBPK/PD model that
describes the dynamics of perchlorate, iodide, and thyroid hormones in a woman during the third
trimester of pregnancy (Lumen, Mattie, & Fisher, 2013; USEPA, 2009b). The EPA also created
its own Biologically Based Dose Response (BBDR) models that included the additional sensitive
life stages identified by the SAB, i.e., breast- and bottle-fed neonates and infants (SAB for the

U.S. EPA, 2013, p. 19).

To determine whether the Agency had implemented the SAB recommendations for
modeling thyroid hormone changes, the EPA convened an independent peer review panel to
evaluate the BBDR models in January 2017 (External Peer Reviewers for USEPA, 2017). The
EPA considered the recommendations from the 2017 peer review and made necessary model

revisions to increase the scientific rigor of the model and the modeling results.
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The EPA convened a second independent peer review panel in January 2018 to evaluate
the revisions to the BBDR model. The EPA also presented several approaches to link the thyroid
hormone changes in a pregnant mother predicted by the BBDR model to neurodevelopmental

effects using evidence from the epidemiological literature (External Peer Review for U.S. EPA,

2018).

In response to a lawsuit brought to enforce the deadlines in SDWA, section
1412(b)(1)}(E), on October 18, 2016, the U.S. District Court for the Southern District of New
York entered a consent decree, requiring the EPA to sign for publication a proposal for a MCLG
and NPDWR for perchlorate in drinking water no later than October 31, 2018, and to sign for
publication a final MCLG and NPDWR for perchlorate in drinking water no later than December
19, 2019. The deadline for the EPA to propose a MCLG and NPDWR for perchlorate in drinking
water was later extended to May 28, 2019, and the date for signature of a final MCLG and
NPDWR was extended to be no later than June 19, 2020. The consent decree is available in the
docket for this action.

In compliance with the deadline established in the consent decree, on May 23, 2019, the
EPA Administrator signed a proposed rulemaking notice seeking public comment on a range of
options regarding the regulation of perchlorate in public drinking water systems. The proposed
rulemaking notice was published in the Federal Register on June 26, 2019. 84 Fed. Reg. 30524.
The EPA proposed a NPDWR for perchlorate with an MCL and MCLG of 56 pg/L. The

proposed MCLG of 56 pug/L was based on avoiding a 2 point 1Q decrement associated with
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exposure to perchlorate in drinking water during the most sensitive life stage (the fetus) within a
specific segment of the population (iodine deficient pregnant women).
The EPA also requested comment on two alternative MCL/MCLG values of 18 pg/L. and
90 ng/L. These alternatives were based upon avoiding 1 point and 3 point IQ decrements
respectively, associated with perchlorate exposure. Additionally, the EPA requested comment on
whether the 2011 regulatory determination should be withdrawn, based on new information
including updated occurrence data on perchlorate in drinking water and new analysis of the
concentration of perchlorate in drinking water that represents a level of health concern.
III.  Withdrawal of the 2011 Regulatory Determination and Final Determination to Not
Regulate Perchlorate
In determining whether to regulate a particular contaminant, the EPA must follow the criteria
mandated by the 1996 SDWA Amendments. Specifically, in order to issue a MCLG and
NPDWR for perchlorate, the EPA must determine that perchlorate “may have an adverse effect
on the health of persons,” that perchlorate occurs at “a frequency and at levels of public health
concern” in public water systems, and that regulation of perchlorate in drinking water systems
“presents a meaningful opportunity for health risk reduction for persons served by public water
systems.” SDWA, section 1412(b)(1)(A). In preparing the 2019 proposal for perchlorate, the
EPA updated and improved information on the levels of public health concern and the frequency

and levels of perchlorate in public water systems. The following is the EPA’s reassessment of the
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regulatory determination criteria applied to the best available health science and occurrence data
for perchlorate.

A. May perchlorate have an adverse effect on the health of persons?

Yes, perchlorate may have adverse health effects. The perchlorate anion is biologically
significant specifically with respect to the functioning of the thyroid gland. Perchlorate can
interfere with the normal functioning of the thyroid gland by inhibiting the transport of iodide
into the thyroid, resulting in a deficiency of iodide in the thyroid. Perchlorate inhibits (or blocks)
iodide transport into the thyroid by chemically competing with iodide, which has a similar shape
and electric charge. The transfer of iodide from the blood into the thyroid is an essential step in
the synthesis of thyroid hormones. Thyroid hormones play an important role in the regulation of
metabolic processes throughout the body and are also critical to developing fetuses and infants,
especially for brain development. Because the developing fetus depends on an adequate supply
of maternal thyroid hormones for its central nervous system development during the first and
second trimester of pregnancy, iodide uptake inhibition from perchlorate exposure has been
identified as a concern in connection with increasing risk of neurodevelopmental impairment in
fetuses of pregnant women with low dietary iodine. Poor iodide uptake and subsequent
impairment of the thyroid function in pregnant and lactating women have been linked to delayed
development and decreased learning capability in their infants and children (NRC, 2005).
Therefore, the EPA continues to find that perchlorate may have an adverse effect on the health of

persons.
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B. Is perchlorate known to occur or is there a substantial likelihood that perchlorate will occur
in public water systems with a frequency and at levels of public health concern?

The EPA has determined that perchlorate does not occur with a frequency and at levels of
public health concern in public water systems. The EPA has made this determination by
comparing the best available data on the occurrence of perchlorate in public water systems to
potential MCLGs for perchlorate.

In past regulatory determinations, the EPA has identified HRLs as benchmarks against
which the EPA compares the concentration of a contaminant found in public water systems to
determine if it occurs at levels of public health concern. For the 2011 regulatory determination
the EPA identified potential HRLs values ranging from 1 to 47 pg/L for 14 different life stages.
These HRLs were not final decisions about the level of perchlorate in drinking water that is
without adverse effects. For the 2019 proposal, the EPA derived three potential MCLGs for
perchlorate of 18, 56, and 90 ug/L for the most sensitive life stage using the best available peer
reviewed science in accordance with the SDWA. After considering public comment, the EPA
used these potential MCLGs as the levels of public health concern in assessing the frequency of
occurrence of perchlorate in this regulatory determination. These MCLGs were set at levels to
avoid IQ decrements of 1, 2, and 3 points respectively in the most sensitive life stage, the
children of hypothyroxinemic women with low iodine intake. The EPA proposed an MCLG of

56 ng/L and alternative MCLG values of 18 and 90 pg/L.
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The rationale used in deriving the numerical values is presented in greater detail in the
EPA’s technical support document titled “Deriving a Maximum Contaminant Level Goal for
Perchlorate in Drinking Water” (USEPA, 2019b).

The EPA compared these potential MCLG values to the updated perchlorate UCMR 1
occurrence data set. A comprehensive description of the perchlorate occurrence data is presented
in Section VI of the 2019 proposal. It is also available in the “Perchlorate Occurrence and
Monitoring Report” (USEPA, 2019a).

The occurrence data for perchlorate were collected from 3,865 PWSs between 2001 and
2005 under the UCMR 1. In the 2019 proposal, the EPA modified the UCMR 1 data set in
response to concerns raised by stakeholders regarding the data quality and to represent current
conditions in California and Massachusetts, which have enacted perchlorate regulations since the
UCMR 1 data were collected. Massachusetts promulgated a drinking water standard for
perchlorate of 2 pg/L in 2006 [ ADDIN ZOTERO ITEM CSL_CITATION
{"citationID":"8DPpSrv3", "properties": { "formattedCitation":"(MassDEP,
2006)","plainCitation":"(MassDEP,

2006)" "notelndex":0},"citationltems":[ {"id":151,"uris":["http://zotero.org/groups/945096/items/
9893MBZH"],"ur1":["http://zotero.org/groups/945096/items/9893MBZH"],"itemData": {"1d": 151
S'type":"personal communication”,"title":"Letter to Public Water Suppliers concerning new
perchlorate regulations”,"URL":"https://www.mass.gov/lists/perchlorate-background-

information-and-standards#perchlorate---final-standards-
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" "author":[ {"literal":"MassDEP"}],"issued": {"date-
parts":[["2006"]]} } } 1,"schema": "https://github.com/citation-style-
language/schema/raw/master/csl-citation json"} ], and California promulgated a drinking water
standard of 6 pug/L in 2007 [ ADDIN ZOTERO ITEM CSL CITATION
{"citationID":"cfroHNhg" "properties": { "formattedCitation":"(California Department of Public
Health, 2007)","plainCitation":"(California Department of Public Health,
2007)","notelndex":0},"citationltems":[ {"id":150,"uris":[ "http://zotero.org/groups/945096/items/
RA4SNKLQ"],"urt":["http://zotero.org/groups/945096/items/RA4SNKLQ"],"itemData": {"id": 15
0,"type":"personal communication","title":"State Adoption of a Perchlorate
Standard","URL":"https://www waterboards.ca.gov/drinking water/certlic/drinkingwater/docum
ents/perchlorate/AdoptionMemotoWaterSystems-10-2007 . pdf”, "author":[ {"literal":"California
Department of Public Health"}],"issued": {"date-
parts":[["2007"]]} } } 1,"schema": "https://github.com/citation-style-
language/schema/raw/master/csl-citation.json"} ]. Systems in these states are now required to
keep perchlorate levels in drinking water below their state limits. As discussed below, the EPA
finds that perchlorate levels in drinking water and sources of drinking water have decreased since
the UCMR 1 data collection. The main factors contributing to the decrease in perchlorate levels
are the promulgation of drinking water regulations for perchlorate in California and
Massachusetts and the ongoing remediation efforts in the state of Nevada to address perchlorate

contamination in groundwater adjacent to the lower Colorado River upstream of Lake Mead.
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To update the occurrence data for systems sampled during UCMR 1 from California and
Massachusetts, the EPA identified all systems and corresponding entry points which had
reported perchlorate detections in UCMR 1. Once the systems and entry points with detections
were appropriately identified, the EPA then used a combination of available data from Consumer
Confidence Reports (CCRs) and perchlorate compliance monitoring data from California
(https://sdwis.waterboards.ca.gov/PDW W/) and Massachusetts (https://www.mass.gov/service-
details/public-water-supplier-document-search) to match current compliance monitoring data
(where available) to the corresponding water systems and entry points sampled during UCMR 1.

The EPA has determined that the UCMR 1 data with these updates are the best available
data collected in accordance with accepted methods regarding the frequency and level of
perchlorate nationally. The UCMR 1 data are from a census of the large water systems (serving
more than 10,000 people) and a statistically representative sample of small water systems that
provides the best available, national assessment of perchlorate occurrence in drinking water.

The EPA used entry point maximum measurements to estimate potential baseline
occurrence and exposure at levels that exceed the potential MCLG thresholds. The maximum
measurements indicate highest perchlorate levels reported in at least one quarterly sample from
surface water systems and at least one semi-annual sample from ground water systems.

Table 1: Perchlorate Occurrence and Exposure (Updated UCMR 1 Data Set)

Threshold Entry Points with | Water Systems Percent of U.S. Water
Concentration | Detections above with Detections | Systems with Detections
(ng/L) Threshold above Threshold above Threshold

Population
Served
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18 ug/L 17 15 0.03 % 620,560
56 pg/L 2 2 0.004 % 32,432
50 pg/L 1 1 0.002 % 25,972

Table 1 presents the number and percentage of water systems that reported perchlorate at
levels exceeding the three proposed MCLG threshold concentrations. In summary, the updated
perchlorate occurrence information suggests that at an MCLG of 18 pg/L, there would be 15
systems (0.03% of all water systems in the U.S.) that would exceed the threshold, at an MCLG
of 56 pg/L, two systems (0.004% of all water systems in the U.S.) would exceed the threshold,
and finally one system would exceed the MCLG threshold of 90 pg/L. Based on the analysis of
drinking water occurrence presented in the 2019 proposal and the data summarized in Table 1
and the range of potential MCLGs, the EPA concludes that perchlorate does not occur with a
frequency and at levels of public health concern in public water systems.

While the EPA has made its conclusion that perchlorate does not occur at a frequency
and at levels of public health concern in public water systems based on the updated UCMR 1
data, the EPA also sought to find additional information about the perchlorate levels at the 15
water systems that had at least one reported result greater than 18 pg/L in the updated UCMR 1
data. The EPA found that perchlorate levels have been reduced at many of these water systems.

Although these water systems were not required to take actions to reduce perchlorate in drinking
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water, many had conducted additional monitoring for perchlorate and found decreased levels or
had taken mitigation efforts to address perchlorate, confirming the EPA’s conclusion described

above. The status of each of these systems is described in Table 2 below.

Table 2: Update on Systems with Perchlorate levels above 18 pg/L in the UCMR 1

Range of
State System Name UR(; ﬁﬁsl Update on Mitigation and Levels of Perchlorate™
(ng/L)”
The EPA contacted the Sebring system in January
Florida Sebring Water ND-70 2020. Operations personnel indicated that no follow-

up/updated monitoring data for perchlorate are
available.

Researchers contacted the system to identify the
source of perchlorate. System personnel attributed the

sole perchlorate detection under UCMR 1 to
Manatee County

Florida s ND-30 analytical error. System personnel indicated that three
Utilities Dept
other quarterly samples collected under UCMR 1 as
well as other subsequent perchlorate sampling efforts
were non-detect. Source: AWWA (2008)
Researchers contacted the system and found that a
Georgia Oconee Co.- 38 (single perchlorate contaminated well was removed from
Watkinsville sample) service in 2003. The system indicates that perchlorate
is no longer detected. Source: Luis et al. (2019)
Louisiana St. Qharles Water ND-24 The EPA was not able t(‘) identity updated data on
District 1 East Bank perchlorate levels for this system.
The system’s 2018 Consumer Confidence Report
(CCR) indicates that perchlorate was not detected.
Maryland City of Aberdeen ND-19 According to the Maryland Department of

Environment, perchlorate was not detected in this
system in 2019. In addition, researchers contacted the
system and found that there has been no detection of
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Range of
UCMR 1
Results

(ng/L)”

State System Name Update on Mitigation and Levels of Perchlorate™

perchlorate since treatment was installed in 2009.
Source: Luis et al. (2019)

The EPA contacted the Chapel Hill System in
January 2020. Water system personnel indicate that
the Chapel Hill WTP was taken off-line and was
replaced with a new treatment plant and five new
production wells. The new treatment plant started
operations on January 27, 2020. System personnel
also indicate that monitoring was conducted in

Chapel Hill -
Maryland Aberdeen Proving ND-20

Grounds .
" November 2019 and perchlorate was not detected in

either the source well water or the finished water. In
addition, according to the Maryland Department of
Environment, perchlorate was not detected in this
system in 2019.

The EPA contacted the Hilldale System in January
Mississippi Hilldz'lle Water ND-20 2020. Water system per‘son‘nel indicated that no
District follow-up/updated monitoring data for perchlorate

are available.

Data from the EPA’s SDWIS/FED database indicates
Deming Municipal 15.20 that the entry point that reported detections in UCMR

Water System 1 (Well #3) is now inactive (i.e., the contaminated
source is no longer in use).

New Mexico

Researchers report that the perchlorate levels
Nevada City of Henderson 6-23 described in the system’s CCR ranged from non-
detect to 9.7 pg/L. Source AWWA (2008).

The EPA contacted the Fairfield City System in
January 2020. Water system personnel indicated that
Ohio Fairfield City PWS 6-27 follow-up monitoring was conducted after UCMR 1,
between 2002 and 2004. The Ohio EPA provided
copies of the follow-up monitoring results which
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Range of
UCMR 1
Results

(ng/L)”

State System Name Update on Mitigation and Levels of Perchlorate™

indicate that results at the entry point ranged from
non-detect to 13 pg/L.

The EPA contacted the Hecla Water Association
System in January 2020. Water system personnel
indicated that that no follow-up/updated monitoring
data for perchlorate are available.

Hecla Water
Ohio Association-Plant ND-32
PWS

The EPA reviewed Oklahoma’s monitoring data and
Oklahoma Enid ND-30 did not find any monitoring results reported for
perchlorate.

The EPA contacted the Meadville System in January

) Meadville Area 2020. Water system personnel indicated that no

Pennsylvania . ND-33 o
Water Authority follow-up/updated monitoring data for perchlorate

are available.

The EPA contacted the Puerto Rico Aqueduct and
Sewer Authority (PRASA) in January 2019. PRASA
personnel indicated that no updated monitoring data
for perchlorate are available. NOTE: The PRASA
personnel stated that the Utuado water system was
significantly impacted by hurricane Maria and
monitoring records from years prior to 2017 were
lost.

Puerto Rico Utuado Urbano ND-420

Researchers found that a water storage tank was the
source of perchlorate contamination, the wells

City of Levelland ND-32 feeding the tank were tested by the state and
perchlorate was not detected. The water tank was
shut off from service. Source: Luis et al. (2019).

Texas

** - Values have been rounded. ND describes a sampling event where perchlorate was not detected at or
above thc UCMR 1 minimum reporting level of 4 pg/L.. UCMR 1 results collected between 2001 and
2005.

++ - To obtain updated data and/or information regarding perchlorate levels, the EPA reviewed Consumer
Confidence Reports and other publicly available data, as well as published studies. In addition, the EPA
contacted some water systems for information about current perchlorate levels. (USEPA, 2020b)
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C. Is there a meaningful opportunity for the reduction of health risks from perchlorate for
persons served by public water systems?

The EPA’s analysis presented in the 2019 proposal demonstrates that a NPDWR for
perchlorate does not present a meaningful opportunity for health risk reduction for persons
served by public water systems. As discussed above, the EPA found that perchlorate occurs with
very low frequency at levels of public health concern. Based on updated UCMR 1 occurrence
information, there were 15 water systems (0.03% of all water systems in the U.S.) that detected
perchlorate in drinking water above the lowest proposed alternative MCLG of 18 pug/L and only
1 system had a detection above the proposed alternative MCLG of 90 pg/L. Specifically, Table 1
presents the population served by PWSs that were monitored under UCMR 1 for which the
highest reported perchlorate concentration was greater than the identified thresholds. The EPA
estimates’ that the number of people who may be potentially consuming water containing
perchlorate at levels that could exceed the levels of concern for perchlorate could range between
26,000 and 620,000. The small number of water systems with perchlorate levels greater than
identified thresholds and the corresponding small population served provides ample support for

the EPA’s conclusion that the regulation of perchlorate does not present a “meaningful

2 The values shown in Table 1 are based on the revised UCMR 1 data. The EPA also applied statistical
sampling weights to the small systems results to extrapolate to national results. There was one small system included
in the statistical sample stratum which had a perchlorate measurement exceeding 18 ug/L. Accordingly, the EPA
estimates that approximately 41,000 small system customers may be exposed to perchlorate greater than 18 ug/L.
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opportunity for health risk reduction for persons served by public water systems,” within the
meaning of SDWA, section 1412(b)(1)(A)(ii1).

The EPA also considered the findings of the Health Risk Reduction and Cost Analysis
(HRRCA, USEPA 2019c) as additional information supporting withdrawal of the regulatory
determination. The HRRCA for perchlorate (which was presented in the 2019 proposal) provides
a unique set of economic data indicators that are not available for regulatory determinations
because the HRRCA is required for a proposed NPDWR under SDWA Section 1412(b)(3)(C),
but is not required to support a regulatory determination. Accordingly, because the EPA initially
determined that perchlorate met the criteria for regulation and began the regulatory analysis
process, the HRRCA was available with respect to perchlorate, and the Agency considered this
comprehensive economic analysis in informing its decision to withdraw the regulatory
determination.

Specifically, the HRRCA provides a description of the potential benefits and costs of a
drinking water regulation for perchlorate. For all potential regulatory levels considered for
perchlorate (18, 56, and 90 ug/L) the total costs associated with establishing a regulation were
substantially higher than the potential range of benefits. The infrequent occurrence of perchlorate
at levels of health concern imposes high monitoring and administrative cost burdens on public
water systems and the states, while having little impact on health risk reductions and the

associated low estimates of benefits.
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Based on a comparison of costs and benefits estimated at the three potential regulatory
levels, the EPA determined in the 2019 proposal that the benefits of establishing a drinking water
regulation for perchlorate do not justify the potential costs.

A drinking water regulation for perchlorate would impose significant burden on states
and water systems, mainly associated with requirements for monitoring but which would result
in very few systems having to take action to reduce perchlorate levels. It is of paramount
importance that water systems (particularly medium, small and economically distressed systems)
focus their limited resources on actions that ensure compliance with existing NPDWRs and
maintain their technical, managerial, and financial capacity to improve system operations and the
quality of water being provided to their customers rather than spending resources monitoring for
contaminants that are unlikely to occur.

D. Whatis the EPA’s final regulatory determination on perchlorate?
Based on the EPA’s analysis of the best available public health information, and after

careful review and consideration of public comments on the June 2019 proposal, the Agency is
withdrawing its 2011 determination and is making a final determination to not regulate
perchlorate. Accordingly, the EPA will not issue a NPDWR for perchlorate at this time. While
the EPA has found that perchlorate may have an adverse effect on human health, based on the
analysis presented in this notice and supporting record, the EPA has determined that perchlorate
does not occur in public water systems with a frequency and at levels of public health concern
and that regulation of perchlorate does not present a meaningful opportunity to reduce health

risks for persons served by public water systems. This conclusion is based on the best available
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peer reviewed science and data collected in accordance with accepted methods on perchlorate
health effects and occurrence.

IV.  Summary of Key Public Comments on Perchlorate
The EPA received approximately 1,500 comments from individuals or organizations on
the June 2019 proposal. This section brietly discusses the key technical issues raised by
commenters and the EPA’s response. Comments are also addressed in the “‘Comment Response
Document for the Final Regulatory Action for Perchlorate’” (USEPA, 2020a) available at
http://www .regulations.gov (Docket ID No. EPA-HQ-OW-2018-0780).
A. SDWA Statutory Requirements and the EPA’s Authority
The EPA received comments stating the Agency should promulgate an MCLG and
MCL for perchlorate and comments stating the Agency should not promulgate a regulation.
After considering these comments the EPA has re-evaluated perchlorate in accordance with
SDWA, section 1412(b)(1)(A), which requires that the Agency promulgate a NPDWR if (1)
the contaminant may have an adverse effect on the health of persons; (ii) the contaminant is
known to occur or there is a substantial likelihood that the contaminant will occur in public
water systems with a frequency and at levels of public health concern; and (iii) in the sole
judgment of the Administrator, regulation of such contaminant presents a meaningful
opportunity for health risk reduction for persons served by public water systems.
The EPA has determined, based upon the best available peer reviewed science and

data collected in accordance with accepted methods, that perchlorate does not occur at a
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frequency and at levels of public health concern, and that regulation of perchlorate does not
present a meaningful opportunity for health risk reduction. Because perchlorate does not
meet the statutory criteria for regulation, the EPA lacks the authority to issue a MCLG or
NPDWR for perchlorate, and is therefore withdrawing its 2011 regulatory determination and
issuing this final determination to not regulate perchlorate. For more information regarding
EPA’s statutory authority to withdraw its regulatory determination, see Section I1.C above.

. Health Effects Assessment

Health Effects/MCLG Derivation

The EPA received comments indicating that the Agency should utilize different
approaches to derive the MCLG for perchlorate including approaches that some states used
to develop their perchlorate advisory levels or drinking water standards. The EPA considered
a number of alternative approaches to develop the MCLG for perchlorate and in accordance
with SDWA, section 1412(e), the Agency sought recommendations from the Science
Advisory Board. The EPA derived the proposed MCLG for perchlorate based on the
approach recommended by the Science Advisory Board (SAB) (SAB for the U.S. EPA,
2013). The SAB recommended that “the EPA derive a perchlorate MCLG that addresses
sensitive life stages through physiologically-based pharmacokinetic/pharmacodynamic
modeling based upon its mode of action rather than the default MCLG approach using the
RfD and specific chemical exposure parameters.” The EPA has implemented these

recommendations and has obtained two independent peer reviews of the analysis. These peer
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reviewers stated that: “Overall, the panel agreed that the EPA and its collaborators have
prepared a highly innovative state-of-the-science set of quantitative tools to evaluate
neurodevelopmental effects that could arise from drinking water exposure to perchlorate.
While there is always room for improvement of the models, with limited additional work to
address the committee’s comments below, the current models are fit-for-purpose to
determine an MCLG” (External Peer Reviewers for USEPA, 2018, p. 2).

The EPA received comments indicating the most sensitive life stages were not
selected and/or considered in the Agency’s approach. The EPA disagrees. Gestational
exposure to perchlorate during neurodevelopment is the most sensitive time period. The NRC
concluded that the population most sensitive to perchlorate exposure are “the fetuses of
pregnant women who might have hypothyroidism or iodide deficiency” [ ADDIN
ZOTERO ITEM CSL_CITATION
{"citationID":"almnShjprkt","properties": {"formattedCitation":"(National Research Council
(NRC), 2005b)","plainCitation":"(National Research Council (NRC),
2005b)","noteIndex":0},"citationltems":[ {"id":350,"uris":[ "http://zotero.org/groups/945096/it
ems/TN6HMCI9D"],"uri":[ "http://zotero.org/groups/945096/items/TN6HMC9D"],"itemData"

:1"1d":350,"type":"book","title":"Health Implications of Perchlorate

i o1
)

" "

Ingestion”,"publisher":"National Academies Press","publisher-place":"Washington,
DC","event-place":"Washington, DC","author":[ {"literal":"National Research Council

(NRC)"}],"1ssued": {"date-parts":[["2005"]]} } } ],"schema":"https://github.com/citation-style-
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language/schema/raw/master/csl-citation.json"} ]. In addition, there is clear evidence that
disrupted maternal thyroid hormone levels during gestation can impact neurodevelopment
later in life (Alexander et al., 2017; Costeira et al., 2011; Endendijk et al., 2017; Ghassabian,
Bongers-Schokking, Henrichs, Jaddoe, & Visser, 2011; Glinoer & Delange, 2000; Glinoer &
Rovet, 2009; Gyllenberg et al., 2016; Henrichs et al., 2010; Korevaar et al., 2016; Morreale
de Escobar, Obregon, & Escobar del Rey, 2004; Noten et al., 2015; Pop et al., 2003, 1999;
SAB for the U.S. EPA, 2013; Thompson et al., 2018; van Mil et al., 2012; Wang et al., 2016;
Zoeller & Rovet, 2004; Zoeller et al., 2007). The available data demonstrate that the fetus of
the first trimester pregnant mother, when compared to other life-stages, experiences the
greatest impact from the same dose of perchlorate, which is described in detail in Section 6
of the document “Deriving a Maximum Contaminant Level Goal for Perchlorate in Drinking
Water” (USEPA, 2019a). Some commenters suggested that the bottle-fed infant is a more
sensitive life-stage. The EPA disagrees as described in the January 2017 Peer Review Report
on the original Biologically Based Dose Response (BBDR) model, the bottle-fed infant's
thyroid hormone levels were not impacted by doses of perchlorate up to 20 pg/day (External
Peer Reviewers for USEPA, 2017). This lack of any impact is due primarily to the iodine in
the formula, which offsets the impact of perchlorate on the thyroid.

The EPA received comments advocating for the use of the population-based approach
evaluating the shift in the proportion of a population that would fall below a

hypothyroxinemic cut point under a perchlorate exposure scenario. The EPA chose to

Page | PAGE | of | NUMPAGES |

ED_005043_00027713-00035



*#*E.O. 12866 Review — Draft — Do Not Cite, Quote, or Release During Review™***
develop the MCLG using dose-response functions from the epidemiological literature to
estimate neurodevelopmental impacts in the offspring of pregnant women exposed to
perchlorate. The EPA selected this proposed approach because it is consistent with the
SDWA'’s definition of a MCLG to avoid adverse health effects and because it is most
consistent with the SAB recommendations. In addition, the fact that thyroid hormone levels
vary by reference population and that there is not a defined value representing
hypothyroxinemia makes the population-based approach less desirable than the approach
selected (USEPA, 2018).

End Point Selection/Basis

The EPA received comments regarding the magnitude of an 1Q change which should
be used in deriving the MCLG. The EPA’s proposed MCLG was based upon avoiding a 2%
change in 1Q in the most sensitive life stage and the EPA also requested comment on
alternative options for the MCLG that would respectively avoid 1% or 3% change in IQ in
the most sensitive life stage. Many comments stated that the EPA should at most consider a
1% 1Q change. However, several commenters stated a 3% change is too small to have a
meaningful impact and suggested the EPA consider a higher 1Q percent change.

The EPA uses a variety of science policy approaches to select points of departure for
developing regulatory values. For instance, in noncancer risk assessment the EPA often uses
a percentage change in value. When assessing toxicological data, a 10 % extra risk (for

discrete data), or a 1 standard deviation (i.e., 15 1Q points) change from the mean (for
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continuous data) is often used (USEPA, 2012). A smaller response to inform a POD has been
applied when using epidemiological literature because there is an inherently more direct
relationship between the study results and the exposure context and health endpoint.

Given the difficulty in identifying a response below which no adverse impact occurs
when considering a continuous outcome in the human population, the EPA looked to its
Benchmark Dose Guidance (2012) for insight regarding a starting point. Specifically, ‘‘[a]
BMR of 1% has typically been used for quantal human data from epidemiology studies’” (p.
21, USEPA, 2012). For the specific context of setting an MCLG for perchlorate, the EPA
evaluated the level of perchlorate in water associated with a 1% decrease, a 2% decrease, and
a 3 percent decrease in the mean population 1Q (i.e., 1, 2 and 3 1Q points).

In evaluating the frequency and level of occurrence of perchlorate in drinking water
the EPA has found that perchlorate does not occur with frequency even at the lowest
alternative MCLG of 18 pg/L which is based upon avoiding a 1% change in IQ in the most
sensitive life stage.

The EPA received comments that the proposed MCLG did not incorporate an
adequate margin of safety to comply with the SDWA. The EPA disagrees that it failed to use
an adequate margin of safety. The EPA’s assessment focused upon the most sensitive subset
of the population, specifically offspring whose mothers had low (75 pg/day) iodine intake
and were hypothyroxinemic (fT4 in the lowest 10th percentile of the population). In addition,

to account for uncertainties and to ensure the most sensitive subset of the population is
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protected with an adequate margin of safety, a 3-fold uncertainty factor was applied to the
proposed MCLG calculation (USEPA, 2019a). More discussion on the uncertainty factor is
presented in the section “Consideration of Uncertainties.”

The EPA received some comments stating that the selection of the study for
informing the relationship between maternal hormone levels (fT4) and I1Q was inadequately
described. Other comments supported the EPA’s study selection. The EPA concludes that
selection of the Korevaar et al. (2016) study is appropriate because that study provides the
most robust data available with a clear measure of neurodevelopment that can be expressed
as a function of changing maternal fT4 exposure, which is necessary to the development of
the model.

BBDR and PBPK Models

The EPA received comments indicating the BBDR model was not transparent,
scientifically valid, or based on robust data. The EPA disagrees. The model represents the
best available peer reviewed science and uses the best available data to inform a MCLG for
perchlorate. The EPA disagrees that there is a significant lack of transparency with respect to
the assumptions related to the BBDR model. Appendix A of the EPA’s Proposed MCLG
Approaches report outlines the justification for all assumptions used in the development of
the BBDR model (USEPA, 2019a). The EPA also disagrees with the assertion the BBDR
model is far too uncertain to be relied upon as the basis for the derivation of the RfD. The

EPA has used the best available science to calibrate the pharmacokinetic aspects of the
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BBDR model. The development of the BBDR model was in response to SAB
recommendations and a model was deemed to be a more refined approach to estimating a
dose-response relationship between perchlorate exposure and maternal fT4 than anything that
was available in the current scientific literature. The EPA disputes the claim that there are
issues with the scientific validity of the BBDR model as the Agency conducted a peer review
of the approach proposed and the reviewers stated the approach was “fit for purpose” to
inform a MCLG for perchlorate (External Peer Reviewers for U.S. EPA, 2018, p. 2).

Consideration of Uncertainties

The EPA received comments on the Agency’s use of Uncertainty Factors (UFs); with
most commenters suggesting that the EPA should consider a higher UF. The EPA thoroughly
considered the application of UFs when deriving the RfDs and followed guidance presented
in “A review of the reference dose and reference concentration processes” (USEPA, 2002).
The EPA concluded that the UFs are adequately justified and subsequently no changes have
been made. Justification for each of the UFs can be found in Section 11 of the Agency’s
MCLG Derivation report (USEPA, 2019a).

The EPA selected a UF of 3 for inter-individual variability because the Agency
specifically modeled groups within the population that are identified as likely to be at greater
risk of the adverse effects from perchlorate in drinking water (i.e., the fetus of the iodide
deficient pregnant mother). The EPA selected model parameters to account for the most

sensitive individuals in that group (i.e., muted TSH feedback, low T4 values, low-iodine
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intake). As discussed in the MCLG Derivation report, the EPA has attempted to select the
most appropriate inputs to protect the most sensitive population with an adequate margin of
safety (USEPA, 2019a). The EPA has determined that the selection of a UF of 3 for inter-
individual variability is justified. As described in the MCLG Derivation report, because the
output from the BBDR model is specific to the sensitive population the EPA concluded that
the UF of 3 is appropriate. In regards to variation in sensitivity among the members of the
human population (i.e., inter-individual variability), section 4.4.5.3 of the EPA guidance “A
review of the reference dose and reference concentration process” (USEPA, 2002) document
states, “In general, the Technical Panel reaffirms the importance of this UF, recommending
that reduction of the intraspecies UF from a default of 10 be considered only if data are
sufficiently representative of the exposure/dose-response data for the most susceptible
subpopulation(s). Similar to the interspecies UF, the intraspecies UF can be considered to
consist of both a toxicokinetic and toxicodynamic portion (i.e. 1070.5 each)” (USEPA,
2002). Given that the BBDR model significantly accounts for differences within the human
population, the full UF of 10 is not warranted.

One commenter suggested using a UF greater than 1 to account for the extrapolation
of the lowest-observed adverse effect level (LOAEL) to the no-observed-adverse-effect-level
(NOAEL). LOAELs and NOAELs were not identified or used by the EPA in its assessment
because the Agency employed a sophisticated BBDR modeling approach, which was coupled

with extrapolation to changes in IQ using linear regression, to determine a POD that would
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not be expected to represent an adverse effect. Therefore, a UF of 1 is appropriate. Other
commenters suggested incorporating UFs for database deficiencies. Based on the findings of
the NRC report, the EPA has previously concluded that this UF was not needed for
deficiencies in the perchlorate database (NRC, 2005; USEPA, 2005a). The EPA determined
that a UF of 1 to account for database deficiencies is still appropriate given that the state of
the perchlorate database has only increased since 2005.

Occurrence Analysis

The EPA received comments suggesting that the revised UCMR 1 data did not
provide an adequate estimate of the perchlorate occurrence in drinking water systems. Some
commenters indicated that the age of the collected data rendered the occurrence analysis
obsolete and overestimated, since it no longer captures current lower contamination
conditions that have been achieved due to mitigation measures taken in the Colorado River
Basin. Other commenters criticized the EPA for replacing UCMR 1 data with compliance
data for the States of California and Massachusetts.

The EPA recognizes that changes in perchlorate levels (increasing or decreasing) may
have occurred in water systems since the UCMR 1 samples were collected between 2001 to
2005. The EPA updated the UCMR 1 data set to improve its accuracy in representing the
current conditions for states that have enacted perchlorate regulations since the UCMR 1
monitoring was conducted. As outlined in the June 26, 2019 proposal, the EPA updated

occurrence data for California and Massachusetts with current compliance data as reported
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by the states. Systems from these two states that were sampled during the UCMR 1 and that
had reported perchlorate detections were updated with more recently measured values taken
from current compliance monitoring data from Consumer Confidence Reports and state-level
perchlorate compliance monitoring data to match corresponding water systems and entry
points.

The EPA has determined that the updated UCMR 1 data are the best available data
collected in accordance with accepted methods on the frequency and level of perchlorate
occurrence in drinking water on a national scale.

V. Conclusion

With this withdrawal of the 2011 perchlorate regulatory determination and final
determination to not regulate perchlorate, the EPA announces that there will be no NPDWR for
perchlorate at this time. The EPA could consider re-listing perchlorate on the CCL and could
proceed to regulation in the future if the occurrence or health risk information changes. As with
other unregulated contaminants, the EPA will consider addressing limited instances of elevated
levels of perchlorate by working with the affected system and state, as appropriate.
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DELIBERATIVE DRAFT
TO BE UPDATED FOLLOWING INTER AGENCY REVIEW

MEMORANDUM

SUBJECT: Notice of Final Action on Perchlorate
(Tier 1 Action; SAN 5555; RIN 2040-AF28) - ACTION MEMORANDUM

FROM: David P. Ross
Assistant Administrator (4101M)

THRU: Office of Policy (1803A)

Office of Executive Secretariat (1105A)
TO: Andrew R. Wheeler

Administrator (1101A)
PURPOSE

Attached for your signature is the action titled “Notice of Final Action on Perchlorate.”

On February 11, 2011, the U.S. Environmental Protection Agency (EPA or Agency) published a
determination to regulate perchlorate in drinking water (76 FR 7762). On June 26, 2019 (84 FR
30524), the EPA published the proposed National Primary Drinking Water Regulations
(NPDWR) for Perchlorate and requested public comments on multiple alternative actions,
including withdrawing the Agency’s 2011 determination to regulate perchlorate. The EPA
received approximately 1,500 comments on the proposed rule.

In this notice, the EPA is withdrawing the 2011 Regulatory Determination and is making a final
determination not to regulate perchlorate based on the Agency’s consideration of public
comments and the best available information.

DEADLINE/TIMELINE

Section 1412(b)(1)(A) of the Safe Drinking Water Act (SDWA) requires the EPA to issue a
proposed NPDWR within 24 months of the final regulatory determination and a final NPDWR
within 18 months after the proposal. However, when the EPA consulted with the Science
Advisory Board (SAB) regarding a planned methodology for deriving the maximum contaminant
level goal (MCLG) for perchlorate, the Agency received recommendations to develop a
physiologically based pharmacokinetic model (i.e., a biologically based dose-response model
(BBDR)) to predict the effects of perchlorate exposure on thyroid function in pregnant women
and their children, instead. The EPA collaborated with Food and Drug Administration scientists
to perform the modeling recommended by the SAB and completed the analysis and associated
peer reviews in March 2018. This delayed the EPA in proposing a NPDWR within 24 months.
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In February 2016, the Natural Resources Defense Council (NRDC) filed a lawsuit for failure of
the EPA to perform its mandatory duties of proposing and finalizing a regulation for perchlorate
in accordance with timelines provided in the SDWA. On October 18, 2016, the U.S. District
Court for the Southern District of New York entered a Consent Decree, requiring the EPA to
sign for publication a proposal for a MCLG and NPDWR for perchlorate in drinking water no
later than October 31, 2018, and to sign for publication a final MCLG and NPDWR for
perchlorate in drinking water no later than December 19, 2019. The Court later extended the
deadline for the EPA to propose a MCLG and NPDWR for perchlorate in drinking water to May
28,2019, and extended the date for signature of a final MCLG and NPDWR no later than June
19, 2020.

In compliance with the deadline established in the Consent Decree, on May 23, 2019, the
Administrator signed a proposed rulemaking notice seeking public comment on a range of
options regarding the regulation of perchlorate in public drinking water systems. The EPA
published the proposed rule in the Federal Register on June 26, 2019. The public comment
period for the proposal ended on August 26, 2019, and the EPA received approximately 1,500
comments.

DESCRIPTION OF THE ACTION

Perchlorate is an inorganic anion that occurs naturally. It is also manufactured as an oxidizer for
rockets, missiles, and fireworks and can be an impurity in hypochlorite disinfectants. The public
may be exposed to perchlorate through food and drinking water. At certain levels, perchlorate
can prevent the thyroid gland from getting enough iodine, which can affect thyroid hormone
production. For pregnant women with low iodine levels, sufficient changes in thyroid hormone
levels may cause changes in the child’s brain development. For infants, changes to thyroid
hormone function can also impact brain development.

The SDWA sets forth three criteria that must be met for the EPA to issue a MCLG and
promulgate a NPDWR. Specifically, the EPA must determine that (1) “the contaminant may
have an adverse effect on the health of persons;” (2) “the contaminant is known to occur or there
is a substantial likelihood that the contaminant will occur in public water systems with a
frequency and at levels of public health concern;” and (3) “in the sole judgment of the
Administrator, regulation of such contaminant presents a meaningful opportunity for health risk
reduction for persons served by public water systems” (SDWA 1412(b)(1)(A)).

In the attached notice, the EPA concludes that, based on new data and the Agency’s analysis
since the issuance of the 2011 Regulatory Determination, perchlorate does not in fact meet the
statutorily prescribed criteria for regulation. The new data and analysis indicate that perchlorate
does not occur in public water systems with a frequency and at levels of public health concern.
Specifically, the new peer-reviewed health effects analysis resulted in the health based proposed
MCLG and proposed alternative MCLGs for perchlorate that are higher concentrations in
drinking water (18 — 90 pg/L) than the concentrations that the EPA considered to be levels of
public health concern in the Agency’s analysis for the determination to regulate in 2011

(1 —47 pg/L). In addition, the updated occurrence analysis shows that the frequency of
occurrence of perchlorate in public water systems at levels exceeding any of the alternative
proposed MCLGs (0.38% — 0.02%) is significantly lower than the frequency considered in the

[ PAGE \* MERGEFORMAT ]
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EPA’s analysis for the 2011 Regulatory Determination (4% — 0.39%). Based on this information,
the EPA is announcing the Agency’s conclusion that perchlorate does not occur in public water
systems “with a frequency...of public health concern” and, therefore, regulation of perchlorate
does not present a “meaningful opportunity for health risk reduction for persons served by public
water systems” as required for regulation under the SDWA. Accordingly, perchlorate no longer
meets the statutory criteria for regulation because the EPA does not have the authority to issue a
MCLG or promulgate a NPDWR for perchlorate.

Therefore, the EPA is not issuing a final MCLG or NPDWR for perchlorate. The EPA will
consider addressing limited instances of elevated levels of perchlorate by working with the
affected system and state, as appropriate.

STAKEHOLDER INVOLVEMENT AND ANTICIPATED RESPONSE

The EPA considered the approximately 1,500 comments that were submitted on the proposed
regulation. The EPA also consulted with the National Drinking Water Advisory Committee
regarding the proposed regulation. The EPA expects a variety of reactions and responses from
stakeholders. The NRDC will likely sue the EPA for failure to comply with the Consent Decree
and will likely challenge the Agency’s authority to withdraw a Regulatory Determination.
Officials from the States of California and Massachusetts, public health groups and
environmental groups will likely state that a low perchlorate maximum contaminant level is
needed to protect children’s health. Industry groups, including the American Water Works
Association, the Perchlorate Study Group, the American Chemistry Council, and the U.S.
Chamber of Commerce will support the decision not to regulate perchlorate in drinking water.
These groups will agree with the EPA’s determinations that perchlorate does not occur
frequently at levels of public health concern and there is not a meaningful opportunity for health
risk reduction for persons served by public water systems.

INTERNAL DEVELOPMENT AND REVIEW PROCESS

The attached notice reflects the direction provided by the Administrator in the Options Selection
and follow-up meetings held on January 9 and March 18, 2020. The Office of Water (OW)
convened a Final Agency Review meeting for this action on May 7, 2020. The following offices
concurred without comment: the Office of Research and Development, the Office of Land and
Emergency Management, the Office of Air and Radiation, and the Office of Chemical Safety and
Pollution Prevention. The following offices concurred with comment: the Office of General
Counsel (OGC), the Oftice of Policy (OP), and the Office of Children’s Health Protection
(OCHP). OW has incorporated revisions identified in the comments from the OGC. OW has also
incorporated most of the suggested revisions identified by OP, the key exception being that we
are not incorporating OP’s recommendation to not list the cost benefit analysis as a factor in the
decision to withdraw the regulatory determination. OW has worked with OGC to incorporate
language that clarifies that this does not set a precedent for future regulatory determinations. OW
is not incorporating the majority of recommendations made by OCHP, which address the health
effects and occurrence analysis and are issues we have evaluated previously, including in
response to OCHP’s input on the proposal and in response to public comments.

INTERAGENCY REVIEW

[ PAGE \* MERGEFORMAT ]
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The Office of Management and Budget initiated review of the Federal Register notice: “Notice
of Final Action on Perchlorate” on [date placeholder].

PEER REVIEW

For the proposed rulemaking, OW followed the EPA’s Peer Review Handbook and Agency
policy titled “Conflicts of Interest Review Process for Contractor-Managed Peer Reviews of
EPA HISA and ISI Documents” when conducting the peer review of models used to derive the
proposed MCLGs for perchlorate. The EPA convened an independent peer review panel to
evaluate the BBDR models in 2017 and a second, expert peer review panel in 2018 to evaluate
the update of the BBDR model and approaches to link the BBDR model output to
neurodevelopment endpoints in epidemiology studies to derive an MCLG. The EPA also sought
input from the SAB, as required by the SDWA, prior to developing the proposed MCLGs.

RECOMMENDATION
I recommend that you sign the attached Federal Register notice titled “Notice of Final Action on
Perchlorate.”

Attachments (2)
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UNITED STATES ERVIROMMENTAL PROTECTION AGENCY
WASHINGTON, DO 20460

GFFICE OF WATER

MEMORANDUM

SUBJECT: Transmittal of the Notice of Final Action on Perchlorate (Tier 1 Action; SAN 5555; RIN
2040-AF28) to the Office of Management and Budget for Executive Order 12866 Review

FROM: Charlotte Bertrand,
Deputy Assistant Administrator

TO: Brittany Bolen, Associate Administrator
Office of Policy

Attached for the Office of Policy’s review and transmittal to the Office of Management and Budget
(OMB) for Executive Order 12866 interagency review is a Federal Register notice titled: “Notice of
Final Action on Perchlorate.”

On February 11, 2011, the U.S. Environmental Protection Agency (EPA or Agency) published a
determination to regulate perchlorate in drinking water (76 FR 7762). On June 26, 2019 (84 FR 30524),
the EPA published the proposed National Primary Drinking Water Regulations for Perchlorate and
requested public comments on multiple alternative actions, including withdrawing the 2011
determination to regulate perchlorate. The EPA received approximately 1,500 comments on the
proposed rule. In the attached notice, the EPA is withdrawing the 2011 Regulatory Determination and is
making a final determination not to regulate perchlorate based on the Agency’s consideration of public
comments and the best available science.

I request that the Office of Policy seek an expedited interagency review in accordance with Executive
Order 12866 to meet a consent decree deadline for signature of the final action by June 19, 2020.

If you have any questions, please contact me or have your staff contact Samuel Hernandez at 202-564-

1735.

Attachments
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Message

From: Mclain, Jennifer [Mclain.Jennifer@epa.gov]

Sent: 12/2/2019 10:40:17 PM

To: Ross, David P [ross.davidp@epa.gov]

CC: Forsgren, Lee [Forsgren.Lee@epa.gov]; Bertrand, Charlotte [Bertrand.Charlotte@epa.gov]; Wildeman, Anna

[wildeman.anna@epa.gov]; Best-Wong, Benita [Best-Wong.Benita@epa.gov]; Aguirre, Janita
[Aguirre.janita@epa.gov]; Tiago, Joseph [Tiago.Joseph@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov];
Burneson, Eric [Burneson.Eric@epa.gov]; Nagle, Deborah [Nagle.Deborah@epa.gov]

Subject: Perchlorate - Administrator's Option Selection Briefing

Attachments: Option Selection for Perchlorate 12-2-19 v2.docx

Dave

As we discussed at the 11/14 OGWDW Biweekly meeting, we developed the attached Option Selection briefing
document for the Administrator’s consideration. As you recommended, tomorrow we are briefing OLEM on the
comments we received on the proposed regulation and the options for a final action. We plan to discuss the potential
impacts to their program under different options (these impacts are included in the briefing document). The meeting
invitation is on Peter Wright’s calendar although we are not certain if he will attend. We will follow up with you
regarding next steps with the Administrator after our meeting with OLEM.

Jennifer
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Message

From: MclLain, Jennifer L. [McLain.Jennifer@epa.gov]

Sent: 5/19/2020 1:17:18 PM

To: Bertrand, Charlotte [Bertrand.Charlotte@epa.gov]

CC: Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]; Braschayko, Kelley [braschayko.kelley@epa.gov]; Tiago, Joseph
[Tiago.Joseph@epa.gov]; Aguirre, Janita [Aguirre Janita@epa.gov]

Subject: FW: Notice of Final Action on Perchiorate

Attachments: Perchlorate Action Memo 5-18-20.cb.srmd.docx; Draft Perchiorate Final Action FRN 5-18-20 v1 Redline.cb.srmd.docx

Charlotte — the attached provide edits and responses to your questions. We will start the process to formally send to
OW for submittal to OP.

Thanks
Jennifer

From: Bertrand, Charlotte <Bertrand. Charlotie@epa.gov>

Sent: Monday, May 18, 2020 5:29 PM

To: Mclain, Jennifer L. <jclain Jennifer@ena. gov>

Cc: Guilaran, Yu-Ting <Guilaran.Yu-Ting@ena.gov>; Braschayko, Kelley <braschavko kellev®epa.gov>; Tiago, Joseph
<Tiago losephdepa.gov>; Aguirre, Janita <Aguirre lanita@epa.gov>

Subject: RE: Notice of Final Action on Perchlorate

Thanks — couple of bubble box questions and then | had one redline edit | added to the Notice.

From: Mclain, Jennifer L. <}Mzclain lennifer@epa.pov>

Sent: Monday, May 18, 2020 3:01 PM

To: Bertrand, Charlotte <Bertrand. Charlotte@ epa.goy>

Cc: Guilaran, Yu-Ting <Guilaran. Yu-Tingiepa,.gov>; Braschayko, Kelley <braschavko. kelleyf@epa.gov>; Tiago, Joseph
<fiago.loseph@epa.gov>; Aguirre, Janita <Aguirre lanita@epa.gov>

Subject: FW: Notice of Final Action on Perchlorate

Charlotte — as agreed, I'm sending you the draft final perchlorate FRN for review. The redline includes the changes made
since the FAR. I’'m also including the draft Action Memo. Please let us know if your preference is to have these submitted
to OW through CMS now or after you have reviewed. Let me know if you want to talk.

Jennifer

From: Burneson, Eric <Burneson.Eric@epa.gov>

Sent: Monday, May 18, 2020 2:48 PM

To: Mclain, Jennifer L. <pMclain jennifer@spa.gov>

Cc: Guilaran, Yu-Ting <Guilaran. Yu-Ting@epa.gov>; Tiago, Joseph <Tiago. josephi@epa.gov>; Christ, Lisa
<Christ.Lisa@epa.gov>; Hernandez-Quinones, Samuel <Hernandez. Samuel@epa.gov>

Subject: FW: Notice of Final Action on Perchlorate

Jennifer:

Attached for transmission to OW are revised versions of the FRN for the Perchlorate Final Action. There is both a clean
and track changes version that includes edits made since initiating FAR (including the edits you asked for on Saturday
and adding 3 more SAB recommendations to page 14 that were in the proposal but were not included in the draft we
provided you on Friday). Also please find clean version of the transmittal memo from you to Dave Ross and the Action
memo incorporating your edits.
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Please note that there is also a redline version of the Action Memo for you to see the responses to your comments on
the document. | do not recommend transmitting that memo to OW.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

From: Hernandez-Quinones, Samuel <Hernandez Samusl@epa.gov>
Sent: Monday, May 18, 2020 2:18 PM

To: Burneson, Eric <Burnsson.Eric@enagov>

Cc: Christ, Lisa <Christ.Lisaf@epa.gov>

Subject: RE: Notice of Final Action on Perchlorate

Hi Eric,

Attached are the revised Redline and Clean versions of the Perchlorate FR Notice. Once we are ready for
OP’s submittal to OMB let me know and | will provide a version that adheres to OP’s file name formatting
guidelines.

Thanks
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Burneson, Eric <Burneson.Eric@epa, gow>

Sent: Monday, May 18, 2020 1:14 PM

To: Hernandez-Quinones, Samuel <Hermandez Samusl@epa.gov>
Cc: Christ, Lisa <Christ.Lisa@epa.gov>

Subject: RE: Notice of Final Action on Perchlorate

Sam
1. Change the title please. This was requested by OGC at Sr. Leadership levels.
2. Provide the same level of detail on the SAB recommendations as was included in the proposal.
3. ldon't think the HRRCA text is necessary and do not want to add it at this stage since there are OGC edits that
already make this clear.
Eric
From: Hernandez-Quinones, Samuel <Hernandez. Samuel@epa.gov>
Sent: Monday, May 18, 2020 12:41 PM
To: Burneson, Eric <Burneson.Eric@ena.gov>
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Cc: Christ, Lisa <Christ. Lisai@epa.gov>
Subject: RE: Notice of Final Action on Perchlorate

Hi Eric,

Here is a revised Redline of the document (from FAR). We had a few questions/issues for your consideration
about the attached file. Specifically:,

1- Page #1, Notice Tittle: We did not accept the edits to the notice tittle. Because, the tittle of the notice
was specifically crafted by OGC to capture the multiple actions EPA is taking. Suggest consulting with
OGC before modifying this tittle.

2- Page #14, SAB Recommendations: SAB provided 4 main recommendations in 2013 but we only listed
the first recommendation. Please advise if we should list all 4 recommendations here or not.

3- Page #26, Missing HRRCA Text: This language was offered by TAB in its 5-13-20 version of the draft
FRN, but it did not show up in the version provided by OGWDW with Eric’s & Jennifer's comments. We
have inserted the language here for the reviewer's consideration. Please advise if we should keep it.

Once you provide your feedback, | will modify the redline version and also provide a Clean copy for
transmittal.

Thanks
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Burneson, Eric <Burneson.Eric@epa, gow>

Sent: Monday, May 18, 2020 8:42 AM

To: Christ, Lisa <Christ.Lisa@epa.gov>; Hernandez-Quinones, Samuel <Hernandez Samusl@epa.zov>

Cc: Mclain, Jennifer L. <}¥lainfennifer@epa.goy>; Tiago, Joseph <Tiagoe Josephi@epa.goy>; Guilaran, Yu-Ting
<GuilaranYu-Ting@epa.sov>

Subject: FW: Notice of Final Action on Perchlorate

Lisa and Sam

Attached are Jennifer’'s comments and edits on the draft FRN. | have responded to her questions in the attached and
made some additional edits. Can you please get a revised clean version and another redline version that compares this
document and the version that was distributed to FAR?

Thanks for your work on this.

Eric

From: Mclain, Jennifer L. <Mclain dennifer@epa.gov>
Sent: Saturday, May 16, 2020 11:35 AM

To: Burneson, Eric <Burnsson.Eric@sena gov>

Subject: RE: Notice of Final Action on Perchlorate

Looks very good. See p. 6 for my only concern w/the revisions.
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From: Burneson, Eric <Burnsson.Eric@ena goy>

Sent: Friday, May 15, 2020 5:03 PM

To: Mclain, Jennifer L. <}Mclain Jennifer@epa.gov>

Cc: Christ, Lisa <Christ. Lisa@epa.gov>; Hernandez-Quinones, Samuel <Hernander Samusl@epa.gov>; Tiago, Joseph
<liago.oseph®@epa.gov>; Guilaran, Yu-Ting <Guilaran Yu-Ting@®epa govw>

Subject: Notice of Final Action on Perchlorate

Jennifer

Attached for your approval and transmittal to the Office of Water for their approval and transmittal to the
Office Policy for initiation of interagency review is a Federal Register notice titled: “Notice of Final Action on
Perchlorate.” Also attached for your review are a draft transmittal memo from you to the Assistant
Administrator of Water, a draft Action Memorandum and a track changes version of the FR notice that
denotes the changes made as a result of Final Agency Review.

On February 11, 2011, the EPA published a determination to regulate perchlorate in drinking water (76 FR
7762). On June 26, 2019 (84 FR 30524}, the EPA published the proposed National Primary Drinking Water
Regulation for Perchlorate and requested public comments on multiple alternative actions, including
withdrawing the 2011 determination to regulate perchlorate. The EPA received approximately 1,500
comments on the proposed rule. In the attached notice, the EPA is withdrawing the 2011 Regulatory
Determination and is making a final determination not to regulate perchlorate based on the Agency’s
consideration of public comments and the best available information.

| recommend that you approve and transmit the attached notice to the Office of Water for their review,
approval and transmission to the Office of Policy to initiate interagency review in accordance with Executive
Order 12866. If you need additional information or have questions pertaining to any aspect of this notice,
please call me or have your staff contact Samuel Hernandez at 202-564-1735.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

ED_005043_00027734-00004



**% Deliberative Draft — Do Not Cite, Quote, or Release During Review™®**
6560-50-P
ENVIRONMENTAL PROTECTION AGENCY
40 CFR Parts 141 and 142
[EPA-HQ-OW-2018-0780, EPA-HQ-OW-2008-0692, EPA-HQ-OW- 2009-0297; FRL-
XXXX-XX-0W]

RIN 2040-AF28

Drinking Water: Notice of #¥ishslrawni el the

el Bvabiiowadd

vination on Perchlorate

sw-of-the-Final 4

AGENCY: Environmental Protection Agency (EPA).

ACTION: j}‘&"»ithd;aw&i»»a»ilR@»gﬂia&91‘»3:»»I»;}e»&%fmiﬂaiiﬂa»mﬁi»Final_ Lonnlatary

Bletermination.

SUMMARY: The Environmental Protection Agency (EPA) is announcing its withdrawal of the

2011 determination to regulate perchlorate in accordance with the Safe Drinking Water Act

(SDWA). On February 11, 20113

published a Federal Register

notice in which the v determined that perchlorate met the SDWA’s criteria tor

5

regulating a contaminant. On June 26, 2019-¢% -, the EPA published a proposed
national primary drinking water regulation (NPDWR) for perchlorate and requested public

comments on multiple alternative regulatory actions, including the alternative of withdrawing the

2011 regulatory determination for perchlorate. The 4

% received approximately 1,500

comments on the proposed rule. The EPA has considered these public comments and based on
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**% Deliberative Draft — Do Not Cite, Quote, or Release During Review™®**

the best available information the Agency is withdrawing the 2011 regulatory determination and

% has determined
that perchlorate does not occur with a frequency and at levels of public health concern, and that
regulation of perchlorate does not present a meaningful opportunity for health risk reduction for
persons served by public water systems.
DATES: For purposes of judicial review, the regulatory determination in this document is issued
as of finsert date of publication in the Federal Register/.
FOR FURTHER INFORMATION CONTACT: Samuel Hernandez, Office of Ground Water
and Drinking Water, Standards and Risk Management Division (Mail Code 4607M),
Environmental Protection Agency, 1200 Pennsylvania Avenue, NW, Washington, DC 20460;
telephone number: (202) 564-1735; email address: hernandez.samuel@epa.gov.
SUPPLEMENTARY INFORMATION: This notice is organized as follows:
I General Information

A. Does this Action Apply to Me?

B. How can I get Copies of this Document and other Related Information?
IL. Background

A. What is Perchlorate?

B. What is the Purpose of this Action?

C. What is the EPA’s statutory authority for this action?

D. Statutory Framework and Perchlorate Regulatory History

Page [ PAGE | of [ NUMPAGES |
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1.

C.

Iv.

A.

V.

VI

**% Deliberative Draft — Do Not Cite, Quote, or Release During Review™®**
Final Regulatory Determination for Perchlorate
May perchlorate have an adverse effect on the health of persons?
Is perchlorate known to occur or is there a substantial likelihood that perchlorate will
occur in public water systems with a frequency and at levels of public health concern?
Is there a meaningful opportunity for the reduction of health risks from perchlorate for

persons served by public water systems?

. What is the EPA’s final regulatory determination on perchlorate?

Summary of Key Public Comments on Perchlorate
Health Effects Assessment

Occurrence

Regulatory Proposal and Alternatives

SDWA Statutory Requirements

Regulatory Determination Withdrawal

Conclusion

References

I. General Information

A.

interested parties of the EPA’s withdrawal of the 2011 regulatory determination for perchlorate

Does This Action Apply to Me?

This action will not impose any requirements on anyone. Instead, this action notifies

and the final regulatory determination to not regulate perchlorate-basad sw-swweinformation
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**% Deliberative Draft — Do Not Cite, Quote, or Release During Review™®**
This notice also provides a summary of the major comments received on the June 26, 2019 (84
FR 30524) proposed NPDWR ftor perchlorate.
B. How can I get Copies of this Document and other Related Information?

The EPA has established a docket for this action under Docket ID No. EPA-HQ-OW-—
2018-0780. Publicly available docket materials are available electronically at | HYPERLINK
"http://www regulations.gov/docket?D=EPA-HQ-OW-2018-0780" |.

I1. Background
A. What is Perchlorate?

Perchlorate is a negatively charged inorganic ion that is comprised of one chlorine
atom bound to four oxygen atoms (Cl104-), which is highly stable and mobile in the
aqueous environment. Perchlorate comes from both natural and manmade sources. It is
formed naturally via atmospheric processes and can be found within mineral deposits in
certain geographical areas. It is also produced in the United States, and the most common
compounds include ammonium perchlorate and potassium perchlorate used primarily as
oxidizers in solid fuels to power rockets, missiles, and fireworks. Perchlorate can also
result from the degradation of hypochlorite solutions used for water disinfection. The
degradation into perchlorate occurs when hypochlorite solutions are improperly stored
and handled--. For the general population, most perchlorate exposure is through the
ingestion of contaminated food or drinking water. At certain levels, perchlorate can

prevent the thyroid gland from getting enough iodine, which can affect thyroid hormone

Page [ PAGE | of [ NUMPAGES |
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**% Deliberative Draft — Do Not Cite, Quote, or Release During Review™®**
production. For pregnant women with low iodine levels, sufficient changes in thyroid
hormone levels may cause changes in the child’s brain development. For infants, changes
to thyroid hormone function can also impact brain development.

B. What is the purpose of this action?

The purpose of i

ction is to publish the EPA’s notice to withdraw the 2011
regulatory determination and issue a final determination to not regulate perchlorate in drinking
water. This notice presents the EPA’s basis for this withdrawal and final regulatory
determination, and the EPA’s response to key issues raised by commenters in response to the
June 26, 2019 (84 FR 30524) proposed rule (referred to hereinafter as “the 2019 proposal”).

C. What is the EPA’s statutory authority for this action?

The SDWA sets forth three criteria that must be met for the EPA to issue a maximum
contaminant level goal (MCLG) and promulgate a national primary drinking water regulation
(NPDWR). Specifically, the Administrator must determine that (1) “the contaminant may have
an adverse effect on the health of persons”; (2) “the contaminant is known to occur or there is a
substantial likelihood that the contaminant will occur in public water systems with a frequency
and at levels of public health concern”; and (3) “in the sole judgment of the Administrator,

regulation of such contaminant presents a meaningtul opportunity for health risk reduction for

The EPA has determined, based on-s:# data and analysis since the issuance of the 2011

regulatory determination, that perchlorate does not in fact meet the statutorily-prescribed criteria
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**% Deliberative Draft — Do Not Cite, Quote, or Release During Review™®**
for regulation. As described in Sections III & VI of the 2019 proposal, the s«w-data and analysis
in the record indicate that perchlorate does not occur in public water systems with a frequency

and at levels of public health concern. Specifically, the siwwpeer-revie